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ANTIHYPERTENSIVE COMPOUNDS

This application is a continuation-in-part of applica-
tions Ser. No. 653,186 filed Sept. 24, 1984, now U.S.
Pat. No. 4,556,655 and Ser. No. 721,015, filed Apr. 8,

1985, now U.S. Pat. No. 4,634,698.
SUMMARY

The present invention relates to carboxyalkyl dipep-
tides joined through a sulfonamido group to a diuretic
moiety. Compounds of this invention are useful as anti-
hypertensive agents, in the treatment of congestive
heart failure and in the treatment of glaucoma. In addi-
tion, compounds of this invention have diuretic and/or
angiotensin converting enzyme inhibitory activity.

DETAILED DESCRIPTION

More particularly, this invention relates to com-

pounds represented by the following formula I
R6 I
I
7° 7
[D]—SO;N-—{B]~-CH=—[E]=~CH—C~—[A]=~COR3

Il
Rl 0

and the pharmaceutically acceptable salts thereof,

wherein:
A 1S

/\ CH),  (CHa,

— N CH—, —N CH—, 40
IIa ITb
(CH»y)y, 45
| 1
S S
><<
(?Hz)p (?Hz)q ((I:HZ)p ((|3H2)q
| N CH—, -N CH— or 50
Ilc ild
(CHz)yy 55
—N cu— 90
I1Ie
1i1s 1 or 2;
nis0or1; 65

p and q are 0, 1 or 2, provided that in structures Ilb
and Ilc the sum of p and q 1s 1 or 2, and that in
formula Ild, p is not O; -
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2
B is —[J]—[L]—{M]—;
D is
H
R3 N R4 R4
h o
N
rR2” G RPHNO,S
I1ia I1Ib

E is —NH—, —QO—, —S—, or —CH7—;
G is

O

1

= or —S503=;

Jis ——(CHZ)S—— or ——((CH2);—-——W)-——;

L. is a chemical bond, cis- or trans-lower alkene,
lower alkyne, -Z-aryl-, -aryl-Z-, -Z-cycloalkyl-,
-cycloalkyl-Z-, a 5- or 6-membered heterocyclic
radical comprising 3 to 5 carbon atoms and 1 or 2
heteroatoms selected from N, O and S, or a R3-sub-
stituted heterocyclic radical, wherein aryl is

OO

and cycloalkyl is

35
R? R

(CHa)w

wherein . .
wis 1, 2 or 3;
M is —(CH3),— or —((CH3)—X—(CH3),)—;
W is
O O
I |
—CNH— or —NHC—:
X and Z are imndependently a chemical bond,
. I
. —NR?—, —0—, —S—, —CNH— or —NHC—;

s, u and v are independently 0-35;

t1s 1-5;

R!l, R? and R? are independently hydrogen, lower
alkyl or lower acyl;

R3 is hydrogen, lower alkyl, haloloweralkyl, phenyl-
loweralkyl, (cycloalkyhlower alkyl, aminomethyl,
lower alkylaminomethyl, phenylloweralkylam-
nomethyl, or (cycloalkyl)loweralkylaminomethyl,
loweralkylthiomethyl haloloweralkylthiomethyl,
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2-, 3- or 4-pyridylloweralkyl, 2-, 4- or 5-thiazolyl- with the further provision that when D is of formula

loweralkyl, 2-, 4- or 5-1H-imidazolylloweralkyl, [1Ib and R!is hydrogen, B is not —(CHj)4—: and

l-imidazolylloweralkyl, 1-morpholinoloweralkyl that when D is of formula IIIb and R!is hydrogen

or hydroxyphenylloweralkyl; or lower alkyl, B i1s not —(CHj)s—aryl—(CHs,.
R4 is chlorine or CFs: 5 )—X—(CH3),— whereinsisQor 1,tis 1, vis0to
R is hydrogen, halogen, lower alkyl, lower acyl, 2 and X 1s a bond, —O—, or —S—.

lower alkoxy, haloloweralkyl or phenylloweralkyl; When A is formula 1Ib or IlIc, the preferred sum of p
R7 is hydrogen, lower alkyl or aminoloweralkyl; and q 1s 1; when A is of formula I1d, preferred values for

R%and RS are independently hydroxy, alkoxy having P, q and n are 1,1 and zero, respectively. Preferably, A
from 1 to 8 carbon atoms, benzyl, allyl, R19—Q- 10 is IIa or IIb wherein p is zero and q is 1.

—(CH32);n—0O—, wherein Q is oxygen or sulfur, r Preferred are compounds wherein D is of formula
s O or | and ITIa, with compounds wherein R4 is chlorine and G is
m is 2 to 4, —SQO0,— being more preferred. R? is preferably hydro-

gen and R3 is preferably phenylethyl, (cyclopentyl)-
ril 15 methyl, chloromethyl, dichloromethyl, 2~
| pyridinylethyl, butyl, pentyl or trifluoroethylthi-

| Also preferred are compounds wherein B is
wherem the alkyl has from 3 to 8 carbon atoms,

20

II{II —[CH2]0-1‘E@%‘[CH2]_[3 bond or =—O-}+[CH3]1»
0-1

—QCHCO=—phenyl

1.e., compounds wherein J is —(CH3)s— and s is 0-1, L

wherein the phenyl may be substituted with group 25 is a bond or —aryl-—Z— wherein Z is a bond and M is

T defined below, 1-glyceryl, —((CH2)—X-(CHa),), wherein t is 1, v is 1-2, and X is
a bond or —O—.
fl) R12 R 13 | For compounds wherein L is a heterocyclic radical,
> thiazolyl rings joined to the rest of molecule at the 2,4
O O O 30 and 2,5 positions are preferred.
O— or —OCH,— CI:I-I . cl:Hz A preferred group for E is —NH—.

Another group of preferred compounds are those
wherein R7 is hydrogen, methyl or aminobutyl. Pre-
ferred values for R® and R8 are hydroxy, ethoxy, me-
thoxy, phenoxyethoxy, 1-glyceryl, pivaloyloxyalk-
yloxy, and

H

R10js phenyl, substituted phenyl wherein the substit- 35
uents are chosen from group T, l-naphthyl or 2-
naphthyi;

T 1s halogen, hydroxy, trifluoromethyl, lower alkoxy,
lower alkyl, 2-furanyl, 3-furanyl, 2-thienyl, 3-thie- >
nyl, phenyl and substituted phenyl wherein the 40 O O
substituents are chosen from halogen, hydroxy, —OCH— (l:H . (':H
trifluoromethyl, lower alkoxy or lower alkyl: ? ?

R1lis hydrogen or alkyl having from 1 to 8 carbon
atoms;

R12 is hydrogen, Iwer alkyl, unsubstituted or substi-

A preferred group of compounds are those repre-
sented by the general formula

i
R3Y N Cl ?H
. ' =0 CH;
HN | I
S| SOy N=—[CH>lp-1 [CH3]—{a bond or =~Q~~]—[CH3] mCH-*NH—CH-'-ﬁ,—-[A]—-CDOH
H
O2 0-1 O

55 wherein R3 is phenylethyl, chloromethyl, dichloro-
tuted phenyl and substituted or unsubstituted methyl, butyl, pentyl, (cyclopentyl)methyl, trifluoroe-
phenyl lower alkyl wherein phenyl may be substi- thylthiomethyl or 2-pyridinylethyl.
tuted by group T; As used herein, “lower alkyl” means straight or

R13is hydrogen or lower alkyl; branched chain hydrocarbon radicals of from 1 to 6
provided that if L is alkene or alkyne, J is —(CH2);— 60 carbons, e.g. methyl, ethyl, propyl, isopropyl, butyl,
wherein s is 1-5; provided that if L is —Z-aryl-or t-butyl, pentyl and hexyl. Similarly, “lower alkoxy”
—Z-cycloalkyl—, J is —(CHj)s— wherein s is 2-5; means straight or branched alkoxy radicals having from
provided that if L is alkene, alkyne, —aryl-—Z— or 1 to 6 carbon atoms, e.g. methoxy, ethoxy, propoxy,
—cycloalkkyl—Z—, M is —(CH_,),— wherein u is butoxy, isobutoxy, pentoxy and hexyloxy. “Halogen”
1-5; provided that if s and u are each zero, L is aryl 65 means fluorine, chlorine and bromine. “Lower acyl”
or cycloalkyl (i.e. Z is a bond); and provided that if means organic radicals obtained by removing the hy-
s and v are each zero, L is aryl or cycloalkyl (i.e. Z droxyl group from the corresponding carboxylic acid of
1s a bond); from 1 to 6 carbons, e.g. formyl, acetyl, propionyl and
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butyryl. “Lower alkene” means unsaturated hydrocar-

bon radicals of from 2 to 6 carbon atoms having one

double bond, e.g. vinylene propenyl, butenyl, pentenyl
and hexenyl, wherein the double bond may be present
anywhere in the chain, e.g. 1-or 2-propenyl, 1-, 2- or
3-butenyl. Similarly, “lower alkyne” means a hydrocar-
bon radical of from 2 to 6 carbon atoms having one
triple bond, e.g. ethynylene, propynyl, butynyl, penty-
nyl and hexynyl, wherein the triple bond may be pres-
ent anywhere in the chain, e.g. 1- or 2-propynyl, 1-, 2-
or 3-butynyl. Examples of heterocyclic radicals are:

Lr 10 7

Compounds of the instant invention include various
stereoisomers. Preferred stereoisomers are those in
which the absolute configuration at carbon atoms adja-
cent to both a nitrogen and a carbonyl group corre-
sponds most closely to the absolute configuration of
L-amino acids.

The compounds of this invention form salts with
various inorganic and organic acids and bases which are
also within the scope of the invention. Such salts in-
clude ammonium salts, alkali metal salts, e.g. sodium
and potassium salts, and alkaline earth metal salts, e.g.

5
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calclum and magnesium salts. Salts with organic bases

may be prepared, e.g., N-methylglucamine, lysine and 45

arginine, as well as salts with organic and inorganic -
acids, e.g., HCl, HBr, H2SO4, H3POj4, methanesulfonic

acid, toluenesulfonic acid, maleic acid, fumaric acid and
- camphorsulfonic acid. The non-toxic pharmaceutically |

acceptable salts are preferred, although other salts are
also useful, e.g., in isolating or purifying the product.
The acid salts (e.g. HCl and maleate) are preferred,
especially the hydrochloride.

The salts may be formed by conventional means, as
by reacting the free acid or base forms of the product
with one or more equivalents of the appropriate base or
acid in a solvent or medium in which the salt is insolu-
ble, or in a solvent such as water which is then removed
in vacuo, or by exchanging the cations of an existing salt
for another cation on a suitable ion exchange resin.

Compounds of formula I may be prepared by several
routes using methods known in the art.

For example, compounds of formula I can be pre-
pared by condensing an acid of formula IV (or its hy-

drochloride salt) with an amino acid derivative of for-
mula V: |

S0

35

60

65

6

RO

l

7 T 7

[D]=—SO;N—[B]—CH~[E}]—~CH—C—0H -+
b
Iv
H[A]—CORZ ——>>]
\%

wherein R1, R6, R7, R8 D, B, E and A are as defined
above. The reaction 1s carried out in an inert solvent
such as dimethylformamide (DMF) in the presence a
condensing agent such as 1-(3-dimethylaminopropyl)-3-
ethyl carbodiimide hydrochloride (DEC) and 1I-
hydroxybenzotriazole, and where the compound of
formula IV is a salt in the presence of a base such as
triethylamine. The reaction is preferably carried out in
an inert atomsphere at a temperature of 0°-25° C.

Compounds of formula V are known in the art, or
may be prepared by methods well known to those
skilled in the art.

Compounds of formula IV may be prepared for ex-
ample from the reaction of a sulfonyl chloride of for-
mula VI and an amine of formula VI1I:

RG
l
e ¥
[D]SO,Cl + Hlii—[B]—CH-[E]—CH—ﬁ-—-OR” —_—>1V
R! O
VI VIl

35

wherein D, B, E, R, R6and R7 are as defined above and
R14is a readily removable ester protecting group such
as t-butyl, benzyl or trimethylsilylethyl. The reaction is
carried out at 0°~5° C. in a solvent such as tetrahydrofu-
ran (THF). |

Compounds of formula VI may be prepared from
known starting materials using procedures well known
in the art. For example, when D is of the formula I1la

- wherein G is SO; and R3 is phenylethyl, the sulfonyl
~ chlorides of formula V1 may be obtained by reacting a

disulfonyl chloride of formula VIII with aqueous am-
monia at low temperature (dry-ice-acetone bath) in a
solvent such as 1,2-dimethoxyethane (IDME) in the
presence of a base such as triethylamine to obtain a
sulfonamide of formula IX, followed by reaction of the
sulfonamide with phenyl propanal in a solvent such as
DME and in the presence of an acid such as p-toluene-
sulfonic acid: |

R4 NH;3
aq. NH3
DME >
Cl0,S SO,Cl
VII
R4 NH;
ClO»S SO»NH»

IX
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—CH)»—0O—CHj—, E is —NH—, and R!4is as defined

-continued
above:

HO O

-
HO\I HO
N"""C"""O"“t-B J_LI NaHI DME ;_: \‘@\IO\I {i_:l)

N«=C—0—t-Bu

H
NC (1) Base
(2) Etl
NC
EtO CF3CO;H EtO_ O
e———— O
O I

IINI"-C-O-t-Bu
H

triflate, CH»Cl>»,
1,8-bis(dimethylamino)naphthalene
(PROTON SPONGE @®)

NC
EtO_ __O 2, 5% Rh/AL,03 . H»N"- EtO
o X A _omm ~ T \I A

| 0
H

Vila VIIb

Details of the above typical reaction scheme are dis-

) N closed in Example 1, Parts A-E.
R \‘/\/Ph In the above reaction scheme, the triflate reagent, i.e.
5 t-butyl 2(S)-(trifluoromethanesuifonyloxy)propionate,
reacts by nucleophillic displacement with the a-aminoa-

P .
Cl0;S . g cid ester to give a high yield of the corresponding spe-
. 2 cific diastereomer of the resulting monoamino dicarbox-
- - ylic acid ester.
g";he_feﬂsROZ:_ ? R® = phenylethyl, 40 Compounds of formula VIId, wherein M is (CH>)2 nd

R, R6 R7, R14 J, L and E are as described above or

Similarly, when D is of formula IIIb, the sulfonyl ~ ofmula VIIb, may be prepared as follows:

chlorides of formula VI may be obtained by well known

procedures. A typical reaction scheme follows: CN
45
Cl . "
CISOsH
___9
NO» 50
Br
Cl Cl
— > 1. n-BugN+Br—
j@\ SN SCOEt  K;C03,CH3CN,A
ClOaS NOz H,NO2S NO2 55  3ONTC/THE
\L Cl
CN
Cl Cl
60
<

HoNOsS SO,Cl H>NO»S | NH;

Compounds of formula VII are prepared from known

starting materials using methods known in the art. A 65 |
typical reaction scheme is shown below for compounds | | Y
of formula VIIb, wherein R! is hydrogen, RS is lower _ - HN o CORE

alkyl, R’ is methyl, J is —(CH3)~—, L is phenyl, M is
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-continued -continued
CN - EtO\v’;O
Y
| NN H
1. triflate reagent > CbzN N/\" O—t-Bu —>
| 2. chromatography H H O
| Vlile
Et0O_ O
10 /\/\} )\
H;N CO3Et H;N N O—t-Bu
H y (Il)
EtO O H
= CH; 2
)\/ O—1.By —10%Pd/C _ Vit
NC N I. HCI/EtOH 15
H g H{") 2. NaHCO3 Example 5 provides details of this procedure.

VII(d)

The above reaction scheme is exemplified in Parts
A-C of Example 3.

A typical reaction scheme for the preparation of
compounds of formula VIIf wherein L is a bond, J is
—(CH32)s— and M is —(CH3),)— wherein the sum of s
and u is 4, and R, R6, R7, R4 and E are as described
above for formula VIIb is as follows:

45 M
~~R7is methyl, and R2, R3 and R* are as defined above:

H3, Rh/Al203

CO—tBu o Eom > H;N

NC

25

30

35

Alternatively, intermediates of formulae VIIa or
Vl1lc may be used to prepare compounds of formula I as
follows: The R4 protecting groups (e.g. t-butoxycarbo-
nyl) of compounds of formulae VIIa or VIIc may be
removed, e.g. by trifluoroacetic acid, and the nitrile
reacted with an amino acid derivative of formula V
under the conditions described on page 7. The resulting
nitrile can then be reduced to the corresponding amine,
e.g., by hydrogenation, which amine can then in turn be
coupled to a sulfonyl chloride of formula VI by conven-
tional ethods. Similarly, intermediates of formula VIle
(1.e., compounds of formula VII wherein B is alkyl) may
be deprotected at the carboxylic acid group and con-
densed with the amino acid derivative of formula V as
described above, then deprotected at the amino group,
e.g. by hydrogenation, and the resultant amine reacted
with a sulfonyl chloride of formula VI by conventional
methods.

Another method for preparing compounds of for-
mula IV is that exemplified below for preparing com-
pounds wherein D is of formula IIIa wherein G is
—5S03—, J 1s —CHj—, L is —aryl-Z— wherein aryl is
phenyl and Z is

0
|
—C—NH—,

M is —CHy—, E is —NH—, Rlis hydrogen, Réis ethyl,

COy=—t-Bu

[D]SO;C1
(wherein G is —S0r~)
(i-Pr);NEt
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-continued
3 H . H
NS T My .
\/ :O: o 2 \/ COz—t-Bu
R*N RN
h > SOTN\/O/ | ~ S SO—N
O3 H O, H
EtO___O cCH;
HZN\I /L 1. Triflate, Proton EtO__ O
N~ >CO,—t-Bu SPONGE Csz\I
Hy H 2. Hy,Pd(OH),C H NH,
EtOH H
HOBT, DEC, NMM, DMF
H
R3 N

TFA, CHCl3

\‘/ R (|:|) H
CO»Et ___%.
~ g SOy=~—N H HN CHj3
Oy H H\I/

COy~t-Bu
H
R3 N R4 | O

~ g SO;~—N H HN__ _CHj

CO,H

Example 7 incorporates the above procedure.
Another method for the preparation of compounds of

formula I involves the sulfonylation of an amine of 3° V() —————>>

: . HC], dioxane
formula X with a sulfonylchloride of formula VI:
Et0___.O cCH;
6 Y
VI + HII‘J--[B]—CH--[E]—-CH—C—-[A]—CORS%I X1
R! EtO O cH;
X Y 8
[A]—~COR
45 NC N"”\l-l"’
wherein R!, RS, R7 R& B, E and A are as defined Hpy Hg
above. The reaction is carried out in an inert solvent 11

such as THF in the presence of a proton acceptor such
as N-methylmorpholine. The reaction is preferably car-
ried out in an inert atmosphere at a temperature of 0-2- 50
5<C.

Compounds of formula X may be prepared by well
known methods, for example to obtain compounds
wherein B is —CH»—C¢Hs—(CH3);—, E is —NH—

The nitrile of formula XII is reduced to an amine of
formula X, e.g. by hydrogenation.

Compounds of formula I may also be prepared by
condensing an aldehyde of formula XIII (or a reaction
derivative thereof, e.g., an acetal) with an aminosul-
fonamide of formula XIV:

H)N R4 RS
R3—CHO + R! c|:=0 RT O
HoNO>S 30211.1—- [B]—(I:H—'[E]—-(!:H-g— [A]=-COR8 —=>|
XI1II _ X1V

wherein R1, R3, R4, R6, R7, R8, B, E and A are as de-
and R1, R®, R7 and R&8 are as defined above, compounds 65 fined above. The reaction is carried out in an inert sol-
of formula VII(c) may be deprotected at the terminal  vent such as THF in the presence of p-toluenesulfonic
carboxy group and then condensed with an amino acid acid. The reaction is preferably carried out in an inert
of formula V: - atmosphere at a temperature of 0°-80° C.
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Compounds of formula XIII are known in the art or
may be prepared by known methods.

Compounds of formula XIV can also be prepared by
known methods, for example a sulfonamide of formula
IX can be reacted with an amine of formula VII to
obtain a compound of formula XV:

IX + VII ——>

Rﬁ
H)N R4 | |
PO G
H>NO;S SOyN~—~{B}=CH~~[E]=-CH~C—QOR 4

XV

wherein R1l, R4, R6, R7, R14, B and E are as defined
above. The protecting group R14is then removed e.g.,
by treating with hydrochloric acid in a solvent such as
dioxane. The resultant product is condensed with an
amino acid of formula V under conditions similar to
those described above for the reaction of compounds of
formulae IV and V to obtain a compound of formula

5

10

15

20
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Yet another process for the preparation of the com-
pounds of the formula I wherein X is sulfur comprises
condensing a halide of the general formula XV

[D]--SOZ--_N--J-—L-(CHZ);-Hal KV
| 1|11
with a thiol of the general formula XV1
RS XV1
|
C=0 R7

| |
H—S§~(CH3);~~CH=—{E}~CH—C~—[A]—COR?

|
0

where R1, R6, R7, R8, A, E, J, L, t and v are as defined
for formula I and Hal represents halogen, preferably

bromine. The reaction is preferably carried out in an

inert medium at a temperature of 0°-25° C.

Compounds of the formula XV may be prepared by
well known methods. Illustrative of such methods, is
the following specific reaction scheme:

H
R-"\( N R* HyN.CH; — N EN
+ [ J\ DMF
..-'N\ | 8 C—OEt
R2 S SO, Cl |
O, O
H
R3Y N R4
N
rR2” g "SOy~—~NH—CHj> N |
0, | /ll\ LAH ;.
THF
8 C—QEt
I
O
| H
R3 N R4 -
N
| " CBry > \‘/ |
J\ _ DMF N ' |
S CH;OH rR2” g SO;=-NH—CHj N
% - L
| o q CH3.Br
XV (wheremn D 1s IIIa wherein G is SO»,
J is ==(CH2»),— wherein 5 is 1,
L is 2-thiazolyl, t is 1,
R!is hydrogen, and Hal is bromine)
635

XIV.

Compounds of general formula XVI may also be pre-
pared by known methods, the following specific reac-
tion scheme being illustrative of such methods:
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CH;
O
| =0~ X T COOMe
y | CH3;
COOMe ] 0 Y |
—_— S o
S
.~ NH; /5 / \ -~ \/\g/\"/
Me—N O/CH,Cly \ O ,
Dioxan/HCl
'\
COOMe
/’S\/\N OH:HC!
H | J
O 2
Couplin
reaggnt,g HN
COO--
COOMe
CH;
N
HS\/\NJ\/
]
XVI - COO-
(whereinvis 1, E is —NH-, \
A is ITa, R® and R7 are each Reduce
—CH3, and R8 is t-butyl)
COOMe

Hj / '\'
fs\‘/\NL"/N
H
O

The known coupling methods above include amino
group protection during the coupling reaction, for ex-
ample with protecting groups such as N-formyl, N-t-
butoxycarbonyl (t-Boc) and N-carbobenzyloxy (Cbz)
groups, followed by their removal to yield compounds
of formula I. Furthermore, the COR? function wherein
R?is OH may be protected by removable ester groups
such as benzyl, ethyl, t-butyl, trimethylsilylethyl and
the like.

The more complex esters at R (i.e., R0 is other than
hydroxy or alkoxy) are most conveniently prepared by
esterifying compounds compounds of formula I
wherein RS is hydroxy and R8 is a protected hydroxy,
e.g. benzyloxy, with the appropriate reagents, e.g. chlo-
romethyl pivalate in the presence of base, to obtain the
corresponding pivaloyloxymethyl ester; the benzyl
group 1s then removed by conventional means, e.g.
catalytic hydrogenation.

The following procedures and examples further illus-
trate the preparation of compounds of this invention.

PREPARATION 1

t-BUTYL
2(S)-(TRIFLUOROMETHANESULFONYLOXY)-
PROPRIONATE (Triflate Reagent)

A. Add 2(S)-(p-toluenesulfonyloxy)propionic acid
(4.4 g) to a cold solution of 10ml of isobutylene and 0.4
ml of concentrated sulfuric acid in 30 ml of methylene

43

50

53

65

coo- />

chloride in a pressure vessel, seal, and agitate at room
temperature for 48 hours. Pour into 50 ml of 15% so-
dium carbonate solution, dry over magnesium sulfate
and concentrate to obtain t-butyl 2(S)-(p-toluenesul-
fonyloxy)propionate as an oil (NMR&61.37). Distilled
material (Kugelrohr, 120°) has [a]D26= —45.9° (EtOH,
c=1). | |

B. Combine the product of part A (100 g) with acetic
acid (40.0 g) and triethylamine (67.2 g) in 200 ml of dry
DMF. Heat at 65° for 20 hours. Partition with 21 each
ether and water, and wash the ether with citric acid,
then with dilute sodium bicarbonate soultion. Dry and
concentrate the ether solution to obtain t-butyl 2(R)-
acetoxypropionate as a colorless liquid, bp 50° C./0.1
mm.

C. Combine the product of part B (62,6 g) with ethyl-
enediamine (11.6 g) and heat at 70° for 24 hours. allow
to cool, add 300 ml ether and filter. Wash the ether with
water, 10% citric acid, and then with sodium bicarbon-
ate solution. Dry and concentrate the ether solution to
leave a colorless o1l. Crystallize from hexane at —20° to
give t-butyl 2(R])-hydroxypropionate as white needles,
m.p. 41°-2° C.

D. Combine the product of part C (10 g) with pyri-
dine (6 ml) in 100 ml methylene chloride. Cool to —70°
C., and add dropwise over a period of about 45 minutes
a solution of trifluioromethanesulfonic anhydride (13.5
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g) in 20 m]l methylene chloride, maintaining the temper-
ature below —15° C. Stir at —20° C. for 30 min. Add
ether and wash successively with water, 4 of ag HCI,
sat’d NaHCOj; and brine. Dry and concentrate the or-
ganic layer to obtain the title compound.

PREPARATION 2

6-CHLORO-3,4-DIHYDRO-3-(2-PHENYLETHYL)-
2H-1,2,4-BENZOTHIADIAZINE-7-SULFONYL
CHLORIDE 1,1-DIOXIDE

A. Dissolve § g 2-chloroaniline-3,5-disulphonyl chlo-
ride in 20 ml DME, cool to in a dry-ice/acetone both
and add 2 ml triethylamine. Add dropwise 25% ammo-
nium hydroxide in water (1 ml) in DME (4 ml), stir at in
a dry-ice acetone bath for 1 hour, allow to warm to
room temperature, and stir for 90 min. Dilute the resul-

tant reaction mixture with ethyl acetate, wash with 4%

aq HCl, water and brine, dry over MgSO4 and evapo-
rate to obtain a solid residue.
B. Combine 13.6 g of the sulfonamide prepared in

Step A, 6.57 g phenyl propanal, 25 ml DME and 20 mg
p-tolulenesulfonic acid and stir at room temperature
under N> for 3 hours. Evaporate the solvent, dissolve
the resultant residue in 250 ml ethyl acetate, wash with
100 mi sat’d aq. NaHCO3, and 100 ml brine, then dry
over MgSQy, filter and evaporate the solvent to obtain
the crude title compound. Purify the crude residue by
precipitation in CH>Cly; mp. 167.0°-167.5° C.

PREPARTION 3

CIS,SYN-OCTAHYDROINDOLE-2(S)-CARBOXY-
LIC ACID, t-BUTYL ESTER

A. Dissolve the product of ' Preparation 4 (77 g) In
absolute ethanol (900 ml), add 5% Pd/C (10 g) and
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hydrogenate at room temperature at an initial pressure

of 60 p.s.i. After 3 hours, filter off the catalyst and wash
with hot methanol. Evaporate the combined filtrate and
wash in vacuo, triturate the resultant residue in ethanol
(100 ml), chill the solution, then filter and air dry the
resultant precipitate to obtain a residue, m.p. 269°-270°
C. |
B. Suspend the product of Part A in dioxane (400 mi)
and conc. HySO4 (40 ml), add isobutylene (300 ml) and
shake in a Parr shaker for 28 hours. Pour the resultant
reaction mixture into 509% aqueous NaOH (150 ml) in
500 mli ice water and extract with ethyl ether (3 X500
ml). Wash the combined organic extracts with water,
then brine. Dry the the organic layer over Na;SO4 and
evaporate the solvent to obtain the title compound.

PREPARATION 4

- CIS SYN-OCTAHYDROINDOLE-2(S)-CARBOXY-
LIC ACID BENZYL ESTER

A. Dissolve 27.0 g of ethyl indole-2-carboxylate in
250 ml of trifluoroacetic acid. Add 2.05 g of platinium
oxide, hydrogenate the mixture at 50 lb/in? at room
temperature. Filter the mixture and concentrate the
filtrate in vacuo to give a residue. Suspend the residue in
ether and treat with cold dilute sodium hydroxide solu-
tion. Dry the organic layer over magnesium sulfate and
concentrate it to give ethyl octahydromdole-z-carboxy-
late, a pale yellow oil.

B. Dissolve 116 g 10-d-camphorsulfonic acid in 1 liter
of warm ethyl acetate and add a soultion of 86 g of the
product of part A in 1 liter of ethyl acetate. Allow the
mixture to crystallize, heat to reflux, cool to room tem-
perature, and filter. Recrystallize the filter cake from a
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mixture of 500 ml isopropanol and 1800 ml ethyl ace-
tate, filter and dry the crystals to obtain 2-(S)-carboe-
thoxy-cis,syn-octahydroindole, d-10-camphorsulfonate,
m.p. 192°-193° C.

C. Heat the product of Part B (107.6 g) and d-10-cam-
phor-sulfonic acid (6.35 g) in benzyl alcohol (270 ml) at
105° C. under vacuum for 6 hours or until TL.C (silica,
elute neutralize sample with ethyl ether) indicates reac-
tion 1s complete. Pour the resultant residue into ethyl
ether, seed and stir to obtain a precipitate. Filter the
precipitate, wash with ethyl ether (2 X 500 ml) and dry
the resultant residue under vacuum to obtain 2-(S)-ben-
zyloxy-cis, syn-octahydro-indole, d-10-camphorsulfon-
ate, m.p. 114°-118° C.

D. Suspend the product of Part C (150 g) in ethyl
ether (1500 ml), add IN agqueous NaOH (300 ml) and stir
until the solid dissolves. Separate the organic layer and
wash the aqueous layer with ethyl ether (2200 ml).
Combine the organic layer, wash with brine, dry over
NayS04 and evaporate the solvent to obtain the title
compound.

PREPARATION 5

6-CHLORO-3,4-DIHYDRO-3-(CHLOROME-
THYL)-2H-1,2,4-BENZOTHIADIAZINE-7- SULFO-
NYL CHLORIDE 1,1-DIOXIDE

A. Dissolve the sulfonamide prepared in Part A of
Preparation 2 (20 g) in dry DME (100 ml), add chlo-
roacetaldehyde dimethyl acetal (10 ml) and p-toluene-
sulfonic acid and reflux for 3 hours or until TLC (silica,
3% ethyl acetate in CHCl,) indicates reaction is com-
plete. Evaporate the solvent, dissolve the resultant resi-
due in ethyl acetate, wash with saturated NaHCOQO3, then
brine and concentrate to half volume. Refrigerate over-
night, filter the resultant precipitate, wash in hexane,
filter and dry to obtain the title compound.

EXAMPLE 1

1-{2-(S)-[[1-(S)-CARBOETHOXY-2-[4-[[[6-CHLORO-
3,4-
DIHYDRO-3-(2-PHENYLETHYL)-2H-1,2,4-BEN-
ZOTHIADIAZIN-7-YL]ISULFONYLAMINOJME-
THYL]JPHENYLMETHOXY]ETHYL]AMINO]-1
OXOPROPYL]-[2S-[2a, 3ac,
73(1)] OCTAHYDRO-1H-INDOLE-2-CARBOXY-
. LIC ACID, S§,S-DIOXIDE

 A. To10.4 g NaH (50% in mineral oil, washed with

~ hexane) in 50 ml DMF at 0°-5° C., add dropwise over a
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1 hour period 20 g of N-a-t-butoxycarbonyl-L-serine in
350 ml DMF. Stir at room temperature for 1 hour, then
at 45° for 1 hour. Cool the reaction mixture to 0°-5° C.
and add ‘dropwise over 30 minutes 21.3 g of p-
cyanobenzylbromide in 100 ml DMF. Stir at 0° C. for 80
minutes, add 30 ml water, stir and filter. Concentrate
the filtrate and partition beiween ethyl acetate and sat’d.
aq. NaHCO3/H,0. Wash the aqueous phase with ethyl
acetate, adjust to pH 7.5 with 6N HCIl and concentrate
to approximately 100 mls.

B. To the product of Step A, add 60 ml methanol, 40
ml ethyliodide, and 4 g NaHCOs. Stir under a nitrogen
atomsphere for 72 hours, evaporate the solvent in vacuo
and partition the residue between 800 ml ethyl acetate
and 800 ml water. Separate the organic layer, and ex-
tract the aqueous layer with ethyl acetate; combine the
organic extracts, wash with brine, dry over MgSQy,
filter and evaporate the solvent. Purify the resultant
residue by High Pressure Liquid Chromatography
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(HPLC) using 2 Prep 500 cartidges and eluting with
21% ethyl acetate in hexane. Combine the desired frac-
tions and evaporate the solvent to obtain a residue. FAB
mass spec m/e=2349 (M+H).

C. Cool 2 g of the product of Step B to 0°-5° C. and
add dropwise 25 ml trifluoroacetic acid. Let stand until
TLC (silica, elute with hexane:ethyl acetate) indicates
no starting material is left. Add ethyl acetate, then evap-
orate the solvent in vacuo. Dissolve the resultant resi-

due in ethyl ether, and wash with 1N aqueous NaOH;
backwash the aqueous phase with ether, combine the

ethereal extracts, dry over K,CO3 and evaporate the
solvent to obtain a residue.
D. Cool 1.6 g triflate reagent (Preparation 1) in 10 ml

10

CH,Cl; to 0° C. Add dropwise 1.1 g of the product of 15

Step C and 1.2 g of PROTON SPONGE ®) (1,8-bis(-
dimethylamino)naphthalene, Aldrich Chemical Co.,
Milwaukee, Wis.) in 20 mi CH>Cl;. Monitor reaction by
TLC, adding 1,8-bis(dimethylamino)naphthalene and
triflate reagent as necessary. Filter the resultant precipi-
tate with the aid of ethyl acetate, evaporate the solvent,
and purify the resultant residue by column chromatog-
raphy, eluting with 30% ethyl acetate in hexane. FAB
mass spec m/e=377 (M +H).

E. Dissolve 2.5 g of the product of Step D in 50 ml
ethanol saturated with NH3, add 1.25 g 5% Rh/Al,O3
and hydrogenate at 60 psi for 4 hours. Filter the resul-
tant mixture through celite with the aid of ethanol, then
evaporate the solvent in vacuo to obtain a residue.

F. Cool to 0° C. 2.5 g of the product of Step E in 25
m! dry THF and add dropwise 3.3 g 6-chloro-3,4-dihy-
dro-3-(2-phenylethyl)-2H-1,2,4-benzothiadiazine-7-sul-
fonyl chloride 1,1-dioxide in 20 mi dry THF. Stir at 0°
C. for 1 hour, then add 0.6 ml N,N-diisopropylethyla-
mine and stir at room temperature for 2 hours. (Reac-
tion may be monitored by TLC [silica; elute with hex-
ane: ethyl acetate]). Add the reaction mixture to ethyl
acetate, wash with 4% aq. HCI, sat’”d NaHCO3; and
brine, then dry over MgSQO,4 and evaporate the solvent
In vacuo. Purify the resultant residue by HPLC: dis-
solve the residue in acetone:ethyl acetate:hexane
(20:35:43) and separate on 2 Prep 500 cartridges using
acetone:ethyl acetate:hexane (5.5:36.5:58) as mobile
phase. Monitor eluent by TLC (silica; elute with
acetone:ethyl acetate:hexane [6:39:55]), combine the
desired fractions and evaporate the solvent in vacuo to
obtain a residue. FAB mass spec m/e=766 (M +H).

G. Stir 2.9 g of the t-butyl ester of Step F in 40 ml
HCl/dioxane overnight; pass nitrogen through the solu-
tion to evaporate the solvent and obtain the free acid.

H. Dissolve 2.9 g of the product of Step G in 6 ml
DMF, add 1.1 g cis,syn-octahydro-1H-indole-2(S)car-
boxylic acid, t-butyl ester and 700 mg 1-hydroxybenzo-
triazole. Cool to 0° C., add 0.7 ml triethylamine and 900
mg 1-(3-dimethylaminopropyl)-3-ethyl carbodiimide
hydrochloride and stir overnight. Evaporate the sol-
vent 1n vacuo, take up the residue in ethyl acetate, and
wash with water, 4% aq. HC], sat’d aq. NaHC3, and
brine. Dry the organic layer over MgSQs, filter and
evaporate to obtain a residue.

Purify said residue by HPL.C using 2 Prep 500 car-
tridges and methanol:ethyl acetate:hexane
(5.25:36:58.75) as mobile phase (residue dissolved in
methanol:ethyl acetate:hexane [10:35:55]). Combine the
desired fractions as determined by TLC and evaporate
the solvent. Rechromatograph the resultant residue by
HPLC using acetone:ethylacetate:hexane (10:40:50) as
mobile phase, combining the desired fractions and evap-
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orating the solvent to yield the title compound as a
t-butyl ester. FAB mass spec m/e=917 (M +H).

I. Stir 1.5 g of the product of Step H in 20 ml dioxane
saturated with HCl overnight; pass nitrogen through
the solution to evaporate the solvent. Purify the resul-
tant residue on Dowex Ag 50 2X (H+ form), eluting
with (ethanol:water [1:1]):pyridine (95:5). Combine
desired fractions as determined by TLC (silica;

CH;Cl:MeoH:AcOH [90:5:3]) and evaporate the sol-
vent to obtain the title compound. FAB mass spec

m/e=861 (M +H).

EXAMPLE 2

1-{2-(S)-[[1-(S)-CARBOXY-2-[4-[[[6-CHLORO-3,4-
DIHYDRO-3-(2-PHENYLETHYL)-2H-1,2,4-BEN-
ZOTHIADIAZIN-7TYL]JSULFONYLAMINOJME-
THYLJPHENYLMETHOXY])ETHYL]JAMINO]-1
OXOPROPYL]-[2S-(2a, 3aa, |
7aa)]-OCTAHYDRO-1H-INDOLE-2-CARBOXY-
- LIC ACID, S,S-DIOXIDE.

A. Treat the product of Example 1, Step G in a man-
ner similar to that described in Example 1, Step H, first
paragraph, substituting cis,syn-octahydro-1H-indole-
2(S)-carboxylic acid, benzyl ester camphorsulfonate salt
(see Preparation 4, Part C) for the t-butyl ester.

Purify the resultant residue by column chromatogra-
phy on 100 g silica eluted with CHClj: ethyl acetate.
Combine the desired fractions as determined by TLC
(silica; elute with CH)Cly:methanol:acetone [93:2:5])
and evaporate the solvent to obtain a residue. Further
purify the residue on a sephadex column (350 g). FAB
mass spec m/e=951 (M 4-H).

B. Suspend 450 mg of the diester obtained in Step A
in 2 ml water. Add 2 ml IN ag. NaOH and stir over-
night at room temperature. Adjust to pH 6-7 with IN
HC], filter the resultant solid and dry under vaccum to

obtain the title compound. FAB mass spec m/e=23833
(M +H).

EXAMPLE 3

1-[2-(S)-[[3-[4-[[[6-CHLORO-3,4-DIHY DR O-3-(2-
PHENYLETHYL)-2H-1,2,4-BENZOTHIADIAZIN-
7-YL]SULFONYLAMINOMETHYL]PHENYL]-1-

(S)(ETHOXYCARBONYL)PROPYL]JAMINO]-1-
OXOPROPYL]-[2S-(2a, 3aa,
7aa]-OCTAHYDRO-1H-INDOLE-2-CARBOXYLIC
ACID, S,S -DIOXIDE HYDROCHLORIDE

A. 2-Amino-4-(4-cyano)phenylbutanoic acid, ethyl
ester

Reflux 2-(4-cyano)phenylethyl bromide (23 gm), the
p-chlorobenzaldimine of ethyl glycinate (21 gm), tetra-
n-butylammonium bromide (10 gms) and freshly ground
fine potassium carbonate powder (42 gms) in acetoni-
trile (150 mls) with mechanical stirring under nitrogren
for 12 hours.

Cool the mixture, filter off the solid and wash the
filter cake with ethyl acetate (3150 mls). Wash the
combined filtrate with water (2 100 mls) and evapo-
rate the solvent in vacuo. Stir the residue vigorously
with THF (200 mls) and 2N HCI (200 mls) at room
temperature for 2 hours. Wash the aqueous phase with
ethyl acetate, basify with solid potassium carbonate to
pH 9 and extract with ethyl acetate to give the title
compound of Part A.
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B. |
N-[1-(S)-(Ethoxycarbonyl)-3-(4-cyano)phenyl]-(S)-ala-
nine, t-butyl ester

Slowly add the product of Part A (9 gms) and PRO-
TON SPONGE ®) (17.2 gm) in dry dichloromethane
(80 mls) dropwise into a stirred solution of triflate rea-
gent (22 gm) in dry dichloromethane (40 mls) cooled in
an acetone-ice bath. Stir at room temperature over-
night. Filter the resultant precipitate and wash the filter
cake with ethyl acetate (5X 100 ml). Wash the com-
bined filtrate with 10% citric acid (3 X 100 ml); sodium
bicarbonate (sat’d, 2X 100 ml), and saturated brine
(2 X 100 mi). Dry the solution over potassium carbonate
in the presence of triethyl amine (5 mls), and remove the
solvent in vacuo. Chromatograph the resultant residue
(hexane:EtOAc:CH>Cl, [8:1:1], 1% Et3iN; 500 gm silica
gel; 230-400 mesh) to obtain the title compound of Part
B.

C. |
N-{3-(4-Aminomethyl)phenyl-1-(S)-(ethoxycarbonyl)
propyi]-(S)-alanine, t-butyl ester

Hydrogenate a mixture of the product of Part B (2 g),
hydrogen chloride (0.2 gm) and 10% Pd/C (0.4 gm) in
absolute ethanol (100 ml) at 50 psi for 5 hours. Filter the
resultant mixture through celite. Evaporate the solvent
to obtain the hydrogen chloride salt of the title com-
pound of Part C.

D. Add N-methylmorpholine (0.5 ml) to a solution of
the product of Part C (1 gm) in dry THF (20 mls)
cooled in acetone-ice bath (—5° C). Add the sulfonyl
chloride of Preparation 2 (1.3 gm) and stir the resulting
mixture at room temperature overnight. Dilute the re-
sultant reaction mixture with ethyl acetate (400 ml),
wash with 0.5N HCl (100 ml), saturated NaHCOs3
(2X 100 ml), and brine (2 X100 ml). Dry the solution

S
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EXAMPLE 4

1-[2-(S)-[[1-(S)-CARBOXY-3-[4-[[[6-CHLOR-
0-3,4-DIHYDRO-3-(2-PHENYLETHYL)-2H-1,2,4-
BENZOTHIADIAZIN-7-YL]SULFONYLAMINO]-
METHYL]JPHENYL]-PROPYL]JAMINO]-1-OXO-
PROPYL]-[2S-(2a,3aa,7aa)[-OCTAHYDRO-1H-
INDOLE-2-CARBOXYLIC ACID, §,S- DIOXIDE

Dissolve the product of Example 3 (0.85 gm) in meth-
anol (2 mls) and cool to 0° C. under nitrogen. Add 1IN
sodium hydroxide (5 mls) portionwise. Refrigerate the
mixture overnight. Acidify the resultant mixture with
acetic acid, evaporate to dryness, and purify the residue
by chromatography on a C-18 medium pressure re-
verse-phase column to yield the title compound of Ex-
ample 4.

EXAMPLE 5

1-[[2-(S)-[5-[[6-CHLORO-3-CHLOROMETHYL-3-
4-DIHYDRO-2H-1,2,4-BENZOTHIADIAZIN-7-

YL]JSULFONYLAMINO]-1-(S)-(ETHOXYCAR-
BONYL)PENTYL]AMINO]-1-OXOPROPYL]-[2S-

(2a,3aa,7aa)]-OCTAHYDRO-1H-INDOLE-2-CAR-
BOXYLIC ACID, S,S-DIOXIDE

A. Combine N€Cbz lysine, ethyl ester (30.0 g), t-butyl
bromopropionate (44.78 g), triethylamine (14.8 ml) and
DMF (120 mli) and stir under nitrogen at 75° C. until
TLC shows no starting material present. Evaporate the
solvent, dilute the resultant residue with water and
extract with ethyl ether. Wash the organic layer with
brine, dry over MgSQ;, filter and evaporate the solvent
i1 vacuo.

Purify the resultant residue by column chromatogra-
phy on 1,100 g silica gel (60-200 mesh), eluting with
ether:hexane (50:50—75:50). Combine the desired frac-
tions and evaporate the solvent in air. Further purify the
resultant residue by HPLC using 2 Prep 500 cartridges

~and eluting with ether:hexane. Combine desired frac-

over MgS0O4 and remove the solvent in vacuo. Purify

the resultant residue by chromatography [400 gm silica

E. Add the product of Part D (1.76 gm) to 5.5 M HCI
in dioxane (50 ml) and stir the resulting mixture at room
temperature overnight. Evaporate the solvent in vacuo,
triturate the solid residue with ether, and remove the
solvent in vacuo to obtain a residue (hydrogen chloride
salt).

F. Treat the product of part E in a manner similar to
that described in Example 1, Part H, first paragraph,
substituting N-methylmorpholine for triethylamine to
obtain a residue. Purify the resultant residue by chroma-
tography [400 gm silica gel 230-400 mesh; hex-
ane:EtOAc:CHCl,, 1:2:1] to obtain the t-butyl ester of
the title compound.

G. Stir the product of Part F (0.9 gm) in 55 M
HCl/dioxane (40 mls) at room temperature for 2 hours.
Remove the solvent in vacuo, triturate the product with

ether, and dry in vacuo to obtain the title compound of
Example 3.

45
gel, 230-400 mesh; first hexane:EtOAc:CHyCly, 4:1:1,
then hexane:EtOAc:CH,Cl, 1:1:1} to obtain a residue. -
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tions, dry over MgSQ4 and evaporate the solvent in air
to obtain a residue.

B. Combine 20% Pd(OH),/C (21.1 g) and anhydrous
ethanol (25 ml) in a Parr shaker bottle, add the product

- of Part A (16.5 g) in ethanol (55 ml) and hydrogenate
‘overnight under 60 p.s.1. Hj. Filter the resultant solution
“over filter paper and celite and evaporate the solvent to
- obtain a residue.

C. Dissolve the sulfonyl chloride prepared in Prepa-
ration 5 (2.4 g) in dry DME (15 ml). Add triethylamine
(1 ml) and the product of Part B of this Example (2 g)
in DMF (10 ml) and stir for 1 hour, or until TLC (silica,
10% MeOH in CH»Cl) indicates no starting material is
left. Add the resultant solution to ethyl acetate, wash
with water, saturated NaHCO3; and brine, dry over
MgSO4 and evaporate the solvent in vacuo. Purify the
resultant residue on a Sephadex LH20 column to obtain
a residue. FAB mass spec m/e=632 (M +-H).

D. Treat the product of Part C in a manner similar to
that described in Example 1, Part G. |

E. Treat the product of Part D in a manner similar to
that described in Example 1, Part H, first paragraph,
substituting the camphorsulfonate sait of the benzyl
ester of the octahydroindole (see Preparation 4 Part C)
for the t-butyl ester.

Purify the resultant residue on a sephadex 1.LH20 col-
umn, combine the desired fractions and evaporate the
solvent. Dissolve the resultant residue in ethyl acetate,
add dioxane saturated with HCl and evaporate the sol-
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vent to obtain the benzyl ester of the title compound.
FAB mass spec m/e=817 (M+ H).

F. Dissolve the product of Part E (600 mg) in acetic
acid saturated with hydrogen bromide (6 ml). After 5
hours, evaporate the solvent and purify the resultant
residue on a Sephadex LH20 column. Combine the
desired fractions as determined by TLC (silica,
MeOH:CH,Clj:acetic acid, 10:90:4) and evaporate the

solvent to obtain the title compound. FAB mass spec
m/e=726 (M +H).

EXAMPLE 6

1-[[2-(S)-[1-(S)-CARBOXY-5-[[6-CHLORO-3
-CHLOROMETHYL-3,4-DIHYDRO-2H-1,2,4-BEN-
ZOTHIADIAZIN-7-YL]SULFONYLAMINO]PEN-
TYLIAMINO]-1-OXOPROPYL]-[2S-(2a,3aa,7aa)]-
OCTAHYDRO-1H-INDOLE-2-CARBOXYLIC
ACID, §5,5-DIOXIDE

Add the product of Example 35, Part E (benzyl ester)
to IN aqueous NaOH (4 ml) and water (4 ml) and stir
overnight. Add IN HCl (4 ml) and ethanol. Charge the
resultant solution to Dowex Ag 50 cation exchange
resin by stirring batchwise for 20 minutes (60 ml resin,
pre-washed with ethanol:water, 1:4). Prepare a column
from the loaded resin, elute the column with ethanol:-
water (1:4) until the elute is pH 6, then elute with
ethanol/water:pyridine (95:5). Combine the desired
fractions as determined by TLC (silica, ethanol:water,
9:1). Further purify the resultant product on a Sephadex
L H 20 column. Combine the desired fractions and evap-
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orate the solvent to obtain the title compound. FAB

mass spec m/e--698 (M - H).

EXAMPLE 7

N-[2-[[4-[[[6-CHLORO-3,4-DIHY DRO-3-(2-
PHENYLETHYL)-2H-1,2,4-BENZOTHIADIAZIN-
7-YL]SULFONYLAMINOJMETHYL]PHENYL)-
CARBONYLJAMINO-1-(S)-(ETHOXYCAR-
BONYL)ETHYL]-S)-ALANYL~(S)-PROLINE,

- §,5-DIOXIDE

A. Dissolve 4-cyanobenzoic acid, t-butyl ester (11.34
g) in ethanol (100 ml) saturated with anhydrous NH3,
add 5% Rh/A1,O3 (120 g) and hydrogenate in a Parr
apparatus at 60 p.s.l. at room temperature for 2§ housrs.
Filter the resultant solution through celite and evapo-
rate the solvent to obtain a residue.

B. Dissolve the product of Part A (11.27 g) in dry
THF (100 ml) add N,N,-diisopropylethyl amine (8.44 g)
and cool to 0° C. in an ice bath. Add dropwise, slowly
and with stirring, the sulfonyl chloride prepared in
Preparation 2 (27.51 g) and let stand at 0° C. for 35
minutes. Remove the ice bath and stir at room tempera-
ture for 2 3 hours or until TLC (silica, CH2Cl:MeOH,
95:5) shows the reaction to be complete. Evaporate the
solvent to obtain a residue.

C. Cool to 0° C. a solution of the product of Part B
(3.00 g) in CH,Cl; (25 ml) and add, slowly and with
stirring, trifluoroacetic acid (25 ml). Stir for 30 minutes
at 0° C., then at room tempeature for 24 hours or until
TLC (as in Part B) shows the reaction to be complete.
Evaporate the solvent to obtain a residue.

D. Dissolve triflate reagent as prepared in Prepara-

tion 1 (3.31 g) in CH,Cl; (75 ml) and cool to 0° C.; add,
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slowly and with stirring a solution of PROTON SPON-

GE® (4.24 g) and N-B8Cbz-2,3-diaminopropionate,
ethyl ester (2.00 g) in CH,Cl; (75 ml). Stir at 0° C. for 15
hours. Extract the solution with 10% citric acid (2x),
then sat’d. NaHCO3 (2x), dry the organic layer over
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MgSOy4, filter and evaporate the solvent. Purify the
resultant residue by flash chromatography, eluting with
CHyCly:EtOAc (88:12). Combine the desired fractions
and evaporate the solvent. Dissolve the Cbz-diester (0.5
g) in ethanol (25 ml) containing 209% Pd(OH),C (0.15 g)
and hydrogenate in a Parr apparatus at 50 p.s.i. at room
temperature for 1 hour. Filter the resultant solution
through celite and evaporate the filtrate in vacuo.

Combine the resultant residue (0.33 g) and the prod-
uct of Part C (0.59 g) in dry DMF (7 ml), cool to 0° C.
and add slowly l-hydroxybenzotriazole (0.18 g) fol-
lowed by N-methyl morpholine (0.13 g), then by DEC
(0.25 g). Stir the mixture for 20 min. at 0° C., then at
room temperature for 16 hours or until TLC (silica,
ethanol:methanol, 85:15) indicates the reaction to be
complete. Dilute the reaction mixture with CH,Cl; and
extract with saturated NaHCO3, then with 10% aque-
ous citric acid. Dry the organic layer with MgSQOa,
filter and evaporate the solvent in vacuo to obtain a
residue.

E. Dissolve the product of Part D (0.75 g) in CH,Cl;
(5 ml) and cool to 0° C. Add, slowly and with stirring,
trifluoroacetic acid (5§ ml) and stir at 0° C. for 30 min-
utes, then at room temperature for 4 hours or until TLC
(silica, CH,Cl:MeOH, 90:10) indicates no starting ma-
terial 1s left. Evaporate the solvent.

Purify the resultant residue by ion exchange chroma-
tography on Biorad AG50-W-X2 resin (100-200 mesh,
hydrogen form) previously equilibrated in ethanol:wa-
ter. Elute with ethanol:water:pyridine, combine the
desired fractions and evaporate the solvent to obtain a
residue.

F. Treat the product of Part E in a manner similar to
that described in Example 3, Parts F and G, substituting
proline, t-butyl ester for the octahydro-1H-indole to
obtain the title compound.

EXAMPLE 8

N-[5-[[6-CHLORO-3,4-DIHYDRO-3-(2-PHENYLE-
THYL)-2H-1,2,4-BENZOTHIADIA ZIN-7-YL]SUL-
FONYLAMINO]-1-(S)-METHOXYCARBONYL)-
PENTYN-3-YL]-(S)-ALANYL-(S)-PROLINE,
$,S-DIOXIDE,HYDROCHLORIDE

A. Titrate a solution of diazomethane in ether into a
solution of 1-amino-1-(S)-carboxy-5-(t-butoxycarbonyl
amino)-3-pentyne (4 g) in ethanol (200 ml) until a yel-
low color remains. Evaporate the solvent to obtain
1-amino-1-(s)-methoxycarbonyl-5-(t-butoxycar-
bonylamino)-3-pentyne. |

B. Add the product of Part A (4 g) and PROTON
SPONGE ®) (5 g) in dichloromethane (15 ml) dropwise
to a stirred solution of triflate reagent (6.5 g) (See Prep-
aration 1) in dichloromethane (10 ml) at —10° C. Stir
the solution and silowly allow to warm to room temper-
ature over 2 h. Filter the reaction mixture through cel-
ite, washing thoroughly with ethyl acetate. Wash the
combined organic solution with 10% citric acid (3x),
saturated sodium bicarbonate (2x) and brine (2x), dry
over MgS04 and evaporate the solvent. Chromato-
graph on silica gel, eluting with ethyl acetate:hexane
(1:4) containing 1% triethylamine to obtain 1-(S)-
methoxycarbonyl-5-(t-butoxycarbonylamino)pentyn-
3-yl-(S)-alanine, t-butyl ester.

C. Add the product of Part B (3.5 g) to a stirred
solution of 4M HCL in dioxane (25 ml) at 0° and stir for
0.5 hours. Evaporate the solvent and triturate the resi-
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due with ether to obtain 1-(S)-methoxycarbonyl-5-
amino-pentyn-3-yl-(S)-alanine, t-butyl ester, hydrochlo-
ride. |
- D. Add N-methylmorpholine (1.5 g) to a solution of
- the product of Part C (2.9 g) in tetrahydrofuran at 0°.
Add  6-chloro-3,4-dihydro-2-(phenylethyl)-2H-1,2,4-
benzothiadiazine-7-sulfonyl chloride, S, S-dioxide (3.9
g) (See Preparation 2) and stir the resulting mixture at
room temperature overnight. Dilute the reaction mix-
ture with ethyl acetate, wash with 0.5 N HCI (1x), satu-
rated sodium bicarbonate (2x), and brine (1x), dry over
MgSO4 and evaporate the solvent. Chromatograph on
silica gel, eluting with ethyl acetate:dichloromethane to
obtain a residue.

E. Add the product of Part D (4.8 g) to a 4M solution
of HCL in dioxane (100 ml) and stir the resulting mix-

ture at room temperature overnight. Evaporate the
solvent then triturate the residue with ether to obtain a

residue.

F. Treat the product of Part E in a manner similar to
that described in Example 3, Part F, first paragraph,
substituting (S)-proline, t-butyl ester for the octahydro-
1H-ndole, to obtain a residue.

Purify the resultant residue by chromatography on
silica gel, eluting with ethyl acetate:CH>Cl;. Combine
the desired fractions and evaporate the solvent to obtain
a residue.

G. Treat the product of Part F in a manner similar to
that described in Example 3, Part G to obtain the title
compound.

EXAMPLE 9

N-[S-[[6-CHLORO-3,4,-DIHYDRO-3-(2-PHENYLE-
THYL)-2H1,2,4-BENZOTHIADIAZIN-7-YL]SUL-
FONYLAMINO]-1-(S)-METHOXYCARBONYL)-

(E)-PENTEN-3-YL]-(S)-ALANYL-(S)-PROLINE, §,

S-DIOXIDE,HYDROCHLORIDE -

A. Add a solution of 1-N-acetylamino-1-(S)-carboxy-
d-(t-butoxycarbonylamino)-3-pentyne (5 g) in tetrahy-

drofuran (20 ml) dropwise to a stirred solution of so-
dium (1.2 g) in liquid ammonia (1.2 L). After 2 h, add-

ammonium hydroxide and water. Remove the ammo-
nia, dissolve the residue in ethyl acetate, wash with
0.ON HCl (2x) and brine (3x), dry over MgSO4 and
evaporate the solvent. Purify by precipitation from
dichloromethane as the DCHA salt of (E)-1-N-
acetylamino-1-carboxy-5-(t-butoxy-carbonylamino)-3-
pentene.

B. Add cobalt chloride hexahydrate (50 mg) and
Acylase I (aminoacylase from porcine kidney, grade 1,
available from Sigma Chemical Co., St. Louis, MOQO)
(100 mg) to a stirred solution of the product of Part A
(3.5 g) in 0.IM, pH 7.5 phosphate buffer (120 ml) at 38°.
After 16 hours, remove the protein with activated car-
bon and filter through celite. Adjust pH of the solution
to 2.75 and remove the unreacted isomer by washing
with ethyl acetate (3x). Adjust the pH to 6.5 and evapo-
rate the solvent. Remove the salt from the residue by

dissolving in ethanol (100 mi) and filtering through

celite. Evaporate the solvent to obtain (E)-1-amino-1-
(S)-carboxy-5-(t-butoxycarbonylamino)-3-pentene.

C. Substitute the product of Part B (i.e., the 3-pentene
compound) for the 3-pentyne compound in the proce-
dure of Example 8, Parts B to G to obtain the title
compound.
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EXAMPLE 10

1-[2-(S)-[[2-[4-[[[6-CHLORO-3-CHLOR-
OMETHYL-3,4-DIHYDRO-2H-1,2,4-BENZO-
THIADIAZIN-7-YL]SULFONYLAMINO]-
METHYL]PHENYL-1-(S)-(ETHOXYCARBONYL)-
PROPYL]AMINO]-1-OXOPROPYL]-(2S-(2a,3aa, -
7a0)]-OCTAHYDRO-1-H-INDOLE-2-CARBOXY-
LIC ACID, T-BUTYL ESTER, S,S-DIOXIDE

A. To lIg of the compound of Example 3, part B, in
THF, add HCl-saturated dioxane (30 ml). Stir the mix-
ture at temperature for 5 hours under an inert atmo-
sphere. Evaporate the solvent to obtain a dry foam as a
hydrochloride salt. |

B. Combine 3g of the product of Part A with 2.5g of
octahydroindole-t-butyl ester (Preparation 3) in the
manner described in Example 3, Part F to obtain 1-
[2(S)-[[p-cyanophenyl-1(S)-(ethoxycarbonyl)propyl-
Jamino]-1-oxopropyl]-[2S-(2a,3aa,7aa)]-octahydro-1H-
indole-2carboxylic acid, t-butyl ester. FAB mass spec.
M/e=3501 (M), |

C. Hydrogenate 2.5g of the product of Part B in 150
ml of ethyl alcohoi containing 5 ml of saturated HCl/di-
oxane at 55 psi in the presence of 500 mg of 10% Pd on
C for 20 hours. Filter the resultant reaction mixture
through celite to obtain 2.6g of amine. |

D. Combine 850 mg of the product of Part C with 600
mg of 6-chloro-3-chloromethyl-3,4-dihydro-2H-1,2,4-
benzothiadiazin-7-sulfonyl chloride, S,S-dioxide in 5ml
of THF containing 0.8 ml of N-methylmorpholine and
let stand overnight at room temperature. Dilute with
EtOAC, wash with saturated NaCl, and evaporate the
solvent. Purify the resultant residue by chromatography
on 5102 with CH;Cly/EtOAC as eluant to produce 700
mg of title compound. FAB mass spectrum shows

M/e=844 (M+).

EXAMPLE 11

N-[N-[4-[4-[[[[6-CHLORO-3,4-DIHYDRO-3-[2-(2-
PYRIDINYL)-ETHYL]-2H-1,2,4-BENZO-
THIADIAZIN-7-YL]SULFONYL-AMINO]JME-
THYL]PHENYL]-1-(S)-ETHOXYCARBONYL)-
PROPYL]-(S)-ALANYL-(S)-PROLINE, T-BUTYL
ESTER, $,S-DIOXIDE

A. To 6g of the amine of Example 3, Part C, in 25 ml
of DME cooled with an ice-bath, add 1.9 ml of N-
methylmorpholine. To this mixture add 5g of 4-amino-
3-chloro-5-sulfonamidobenzenesulfonyl chloride in 25
ml of DME. Stir the reaction. overnight with cooling
under an inert atmosphere. Concentrate the resultant
reaction mixture and partition the residue between
EtOAc and H>O. Separate the organic layer and evapo-
rate the solvent. Purify the resultant residue by chroma-
tography on S10; using EtOAc/Hexanes as eluant to
obtain 5g of an oil. FAB mass spectrum M/e=633
(M+).

B. Treat the product of Part A in a manner similar to
that described in Example 10, Part A, to yield a dry
foam. FAB mass spectrum M/e=614 (M +)

C. Combine 1.6 g of the product of Part B with 490
mg L-proline, t-butyl ester in the presence of 9 ml of
DMF, 380 mg 1-hydroxybenzotriazole, 1.14 ml N-
methylmorpholine and 550 mg DEC. Stir the reaction
overnight, then extract and purify the resultant product
as described in Example 3, Part F, using EtOAc/Hex-

anes as eluent to obtain a residue, FAB mass spectrum
M/e=730 M +.
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D. In 7 ml THF, combine the amino-sulphonamide
obtained in Part C with 360 mg of (2-pyridinyl)propanal
and 10 mg of p-toluenesulfonic acid and stir for 24 hours
at room temperature in an inert atmosphere. Concen-
trate the reaction mixture and partition the resultant
residue between EtOAc and water. Separate the or-
ganic phase, wash with dilute NaHSO3, saturated NaH-
COs3, saturated NaCl and dry with MgSQO4 Evaporate
the solvent and chromatograph the residue on Si102
using EtOAc as eluant {o obtain 350 mg of the title
compound. Mass spectrum, M/e=899 (M+).

EXAMPLE 12

1-[N-[2-[4-[[[6-CHLORO-3,4-DIHYDRO-
3-2-PHENYLETHYL)-2H-1,2,4-BENZOTHIADIA-
ZIN-7-YL]SULFONYL]JAMINOMETHYL]-
THIAZOL-2-YLMETHYLTHIO]-1(S)-(METHOX-
YCARBONYL)ETHYL]-(S)-ALANYL]-CIS,SYN-
OCTAHYDROINDOLE-2(S)-CARBOXYLIC

ACID, $,S-DIOXIDE

(A) Ethyl-4-Aminomethylthiazole-2-Carboxylate
1. Ethyl-thizaole-4-Carboxylate

Combine ethylbromopyruvate (19.5 g, 100 mmole) in
50ml EtOH and thioformamide (4.27 g, 70 mmole) in 10
ml EtOH and stir at room temperature overnight. Pour
into 1IN HCI (100 ml) and extract with 190 mi diethyl
ether. Separate the aqueous layer and treat with an
excess of solid sodium bicarbonate. Extract the aqueous
layer with diethylether (2 x 150 ml), dry over MgSO4
and evaporate the solvent to obtain the title compound
of Part A(l) as a syrup. Recrystallize from hexanes to
obtain white needles, m.p. 52°-54° C.

2. 2-Carboamide-Thiazole

Treat 5.0 g of the product of Part A(1) with 100 mi of
concentrated ammonium hydroxide solution overnight.
Purge with N2 for 2 hours and remove the solvent to
obtain a crude product. Recrystallize using

ethylacetate/pet ether to obtain the title compound,
m.p. 122°-124° C,

3. 4-Cyano-Thiazole

Dissolve the product of Part A(2) (2.0 g, 14.50
mmoles) in 20 ml of dry CH,Cl; and cool in an ice bath.
Add trifluoroacetic anhydride (3.65 g, 16.50 mmoles)
and stir at room temperature for 3 hours. Evaporate the
solvent and recrystallize from ethylacetate/pet ether to
obtain the title compound, m.p. 54°~56° C.

4. Ethyl-4-Cyanothiazole-2-Carboxylate

Cool diisopropyl amine (4.04 g, 40.0 mmoles) in dry
THF in an ice bath under nitrogen Add n-butyl lithium
(40 ml, 40 mmoles) and stir at 0° C. for 15 min. Cool the
resultant reaction mixture to —78° C. and add a solution
of the product of part A(3) (4.0 g, 36.36 mmoles) in 20
ml THF. Stir the reaction mixture at —78° C. for 30
minutes, add ethylchloroformate (3.93 g, 36.36 mmoles)
and slowly warm the reaction mixture to room tempera-
ture. Add aqueous ammonium chloride and evaporate
the solvent. Add CH,Cl, (300 ml) to the resultant resi-
due, wash with water, dry over MgSO4 and evaporate
the solvent to obtain the title compound. Purify the
product by column chromatography  using
ethylacetate/pet ether.
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5. Ethyl-4-Aminomethylthiazole-2-Carboxylate

Cool a disiamylborane (17.50 mmoles) solution in an
ice bath under nitrogen. Add the product of Part A(4)
(1.5 g, 8.24 mmoles) in 10 ml of dry THF and let stand
at 0° C. for 2 days. Pour the reaction mixture into ice
cold IN HCI and extract with diethyl ether. Separate
the aqueous layer, treat with sodium bicarbonate, ex-
tract with 2 X 100 m! ethyl acetate, dry over MgSO4and
evaporate the solvent to obtain the title compound. Use
without further purification in Part B.

B.
1-N-[2-[4-[6-Chloro-3,4-Dihydro-3-(2-Phenylethyl)-2H-
1,2,4,-Benzothiadiazin-7-yl]Sulfonyl] Aminomethyl]-2-
Carboethoxythiazole, S,S-Dioxide

Combine the product of Preparation 2 (1.2 mmoles)
and the product of Part A (1.0 mmoles) in dry DMF
(1.0 ml) and cool in an ice bath. Add dropwise triethyl
amine (1.5 mmoles). Stir the resulting reaction mixture
at room temperature for 16 hours. Evaporate the sol-
vent under high vacuum, take up the residue in ethy-
lacetate (100 ml), wash with water, dry over MgSO4
and evaporate the solvent. Purify the resultant residue
by column chromatography.

C.
1-[N-[2-[4-[6-Chloro-3,4-Dihydro-3-(2-Phenylethyl)-
2H-1,2,4-Benzothiadiazin-7-yl]Sulfonyl] Aminomethyl]-
2-Hydroxymethylthiazole, S,S-Dioxide

Dissolve the product of Part B (1.0 mmole) in 25 ml
dry THF and cool to —40° C. under nitrogen. Add
LIALH4 (1.5 mmole) and stir the resultant mixture at
—40° C. for 1 hour. Add Na2S04 10H20, filter, dry over
MgSO4 and evaporate the solvent to obtain the title
compound.

- D.
1-[N-{2-[4-[6-Chloro-3,4-Dihydro-3-(2-Phenylethyl)-
2H-1,2,4-Benzothiadiazin-7-yl}Sulfonyl] Aminomethyl]-
2-Bromomethylthiazole, S,S-Dioxide

Combine carbon tetrabromide (1.1 mmoles) and tri-
phenyl phosphine (1.1 mmoles) in dry DMF (5 ml) at 0°
C. under nitrogen and stir at 0° C. for 4 hour. Add a
solution of the product of Part C (1.0 mmoles) in dry
DMF (3 ml) and stir the reaction mixture at 0° C. for
1-2 hours. (Check progress of reaction by TLC). Pour
the resultant mixture into ice cold water, extract with
diethyl ether (2 X150 ml), dry over MgSQO4 and evapo-
rate the solvent. Purify the resultant residue by column
chromatography.

E.
Bis|[[1-(S)-(Methoxycarbonyl)-Ethyl]-(S)-Alanyl]-Cis,-
Syn-Octahydroindoie-2(S)-tert-Butoxycarbonyl}-disul-

phide

1. Cool a solution of L-cysteine (7.20 g, 0.027 moles)
in 50 ml dry CH>Clz in an ice bath under N2. Add
N-methylmorpholine (16.8 g, 0.16 moles), then add a
freshly prepared solution of triflate reagent (0.161
moles) (Preparation 1) in 200 ml CH,Cl; dropwise over
2 hours. Stir the resulting reaction mixture overnight at
room temperature. Wash the reaction mixture with
22X 100 ml of water, then 2 x 100 ml of brine, dry over
MgS04, and evaporate the solvent. Column chromato-
graph the resultant residue using 409% ethyl aceta-
te:60% pet ether to obtain a syrup.



- 29

2. Cool a solution of the product of Part E(1) in 50 ml
dioxane 1n an ice bath. Add 150 ml of a solution of
saturated dioxane:HCI and stir at room temperature for
3 hours. Reduce the volume of the reaction mixture to
50 ml and add 150 ml of ethyl acetate to precipitate the
product as the hydrochloride salt.

3. Cool a solution of the product of Part E(2) (1.0
mmole) in 10 ml dry DMF in an ice bath. Add 1-
hydroxybenzotriazole hydrate (2.2 mmoles), 1-(dime-
thylaminopropyl)-3-ethyl-carbodiimide (3.0 mmole)
and 2-carboxy-perhydroindole t-butyl ester (2.3 mmole)
(Preparation 3) and stir the resulting solution at 0° C.
Add triethylamine dropwise (6.0 mmoles) and stir the
resulting reaction mixture over-night at room tempera-
ture. Evaporate the solvent, dissolve the residue in 200
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ml of ethylacetate, wash with water, brine, and dry over

- MgS04 Evaporate the solvent and column chromato-
graph the resultant residue using 60% ethylacetate:40%
pet ether.

F. Cool 5 ml of dry methanol in an ice bath under

20

nitrogen, add sodium borohydride (10.0 mmole) and stir

at 0° C. for 10 minutes. Add the product of Part E (0.60

mmoles) in 5 ml dry methanol and stir the resulting
mixture for 5 minutes at 0° C. Add the product of Part
D (1.2 mmoles) in § ml THF, warm the mixture to room

temperature and stir at room temperature for 2 hours.

Evaporate the solvent and take up the resultant residue
in ethylacetate. Extract with 10% citric acid, NaHCQO;
solution and brine, dry over MgSQO4 and evaporate the
solvent. Chromatograph the residue to obtain the t-
butyl ester of the title compound of Example 12.

G. Treat the product of Part I in a manner similar to
that described in Example 3, Part G, to obtain the title
compound. Mass spectrum m/e=925 (M+).

EXAMPLE 13

1-[2(S)-[[4-[4-[[[6~-CHLORO-3,4-DIHYDRO-3
(1-IMIDAZOLYLMETHYL)-2H-1,2,4-BENZO-
THIADIAZIN-7YL-SULFONYLAMINO]ME-
THYL]PHENYL]-1(S)-(ETHOXYCARBONYL)-

BUTYL]AMINO]-1-OXOPROPYL]-CIS,SYN-

OCTAHYDROINDOLE-2(S)-CARBOXYLIC
ACID, DIHYDROCHLORIDE = . ..

A. Substituting 2-(4-cyano)phenylpropyl bromidé IfO:Ir‘.“
45

2(4- cyano)phenylethyl bromide, carry out the proce-
dure described in Example 3, Parts A-C to obtain the
hydrochloride salt. -

B. Treat the product of Part A as descnbed in Exam-
ple 11, Parts A and B, to obtain a residue

C. Combine the product of Part B and perhydroin-
dole-2carboxlic acid, t-butyl ester (Preparation 3) as
described in Example 11, part C and stir overnight.
Evaporate the solvent and partition the resultant resi-
due between 5% NaHCOs3 and EtOAc. Separate the
EtOAc layer, dry over MgSQO4 and evaporate the sol-
vent. Chromatograpth the resultant residue by flash
chromatograpthy on SiO; (150 gm) eluting with 60%
EtOAc: 40% hexane. Combine the desired fractions and
evaporate the solvent to obtain a residue.

D. Dissolve sodium spheres (2.3g) indry methanol
(100 ml) at room temperature, add imidazole (6.3 ml)
and stir for 1 hour at room temperature. Add bromoace-
taldehyde dimethylacetal (11.8 ml) and heat the resul-

tant mixture overnight at reflux. Evaporate the solvent

In vacuo, partition the resultant residue between EtOAc
and water, dry the organic layer over MgSQ4, and
evaporate the solvent. Purify the resultant residue by
flash chromatography on SiO; (250 g), eluting with 4%
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CH3;OH in CH»>Cl. Combine the desired fractions and
evaporate the solvent to obtain (1-imidazolyl)acetalde-
hyde dimethylacetal.

E. Combine the products of Part C (0.50g) and Part

D (0.13g) in THF (20 ml), add HCl-saturated dioxane

and stir, following the reaction by thin layer chroma-
tography on silica gel (elute with 5% CH3OH in
CH>Clz) and adding HCl-dioxane until the reaction is
complete. Evaporate the solvent, partition the resultant
residue between 5% NaHCOQO3; and EtOAc, wash the
organic layer with brine, dry over MgSQOy4, and evapo-
rate the solvent to obtain a residue. Purify the resultant
residue by flash chromatography on SiO3 (25 g), eluting
with 3% CH3;0H in CH,Cly. Combine the desired frac-
ttons and evaporate the solvent to obtain the t-butyl
ester of the title compound.

F. Stir the product of Part E in HCl-saturated diox-
ane (200 ml) at room temperature and under nitrogen
for 6 hours. Evaporate the solvent in vacuo at room
temperature to obtain the title compound, M/e=_834
(M+).

In a similar manner, using appropriate starting materi-
als and reagents, the following compounds may be pre-
pared:

1-[2-(S)-[[1-(S)-carboxy-2-[4-[[[6-chloro-3-(cyclopen-
tylmethyl)-3,4-dihydro-2H-1,2,4-benzothiadiazin-7-
yljsulfonylamino]methyl]phenylmethoxy]ethyl]amino]-
1-oxopropyl]-{28-(2a, 3aa, 7aa)}-octahydro-1H-indole-
2-carboxylic acid, §,S-dioxide

1-{2-(S)-[[1-(S)-carboxy-2-[4-[[[6-chloro-3-(di-
chioromethytl)-3,4-dihydro-2H-1,2,4-benzothiadiazin-7-
yl]sulfonylammo]methyl]phenylmethoxy]ethyl]ammo]
1-oxopropyl}-[2S-(2a, 3aa, 7aa)]-octahydro-1H-indole-
2-carboxylic acid, S,S-dioxide

1-[2-(S)-[[1-(S)-carboxy-3-[4-[[[6-chloro-3,4-dihydro-

3-(2-phenylethyl)-2H-1,2,4-benzothiadiazin-7-yl]sul-

fonylaminojmethyl]phenyl]lpropyl}amino]-1-oxo-
propyl}-[2S-(2a, 3aa, 7aa)]-octahydro-1H-indole-2-car-
boxylic acid, S,S-dioxide
1-[2-(S)-[[1-(S)-carboxy-3-[4-[[[6-chloro-3-(cyclopen-
tylmethyl)-3,4-dihydro-2H-1,2,4-benzothiadiazin-7-
yl]sulfonylamino}methyl}phenyl]propyl]Jamino]-1-oxo-
propyl]-[2S-(2a, 3aa, 7aa)]-octahydro-1H-1ndole-2-car-
boxylic acid, S,S-dioxide
1-[2-(S)-[[1-(S)-carboxy-3-[4-[[[6-chloro-3-(di-
chloromethyl)-3,4-dihydro-2H-1,2,4-benzothiadiazin-7-
yl]sulfonylamino]methyHphenyl]propylJamino]-1-oxo-
propyl]-[2S-(2a, 3aa, 7aa)]-octahydro-1H-indole-2-car-
boxylic acid, S,S-dioxide
1-[2-(S)-[[1-(S)-carboxy-2-[4-[[[6-chloro-3,4-dihydro-
3-(2-phenylethyl)-2H-1,2,4-benzothiadiazin-7-yl]sul-
fonylamino}methyl]phenyl}ethyljamino]-1-oxopropyll-
[2S-(2a, 3aa, 7aa)]-octahydro-1H-indole-2-carboxylic
acid, §,S-dioxide
N-[1-(S)-carboxy-3-[4-{[[6-chloro-3,4-dihydro-3-(2-
phenylethyl)-2H-1,2,4-benzothiadiazin-7-yl]sul-
fonylaminojmethyl]phenyl}propyl]-(S)-alanyi-(S)-pro-
line, §,S-dioxide
N-[1-(S)-carboxy-3-[4-{[[6-chloro-3-(cyclopentylme-
thyl)-3,4-dihydro-2H-1,2,4-benzothiadiazin-7-y1]sul-
fonylaminojmethyl])phenyljpropyl]-(S)-alanyl-(S)-pro-
line, S,S-dioxide |
N-[1-(S)-carboxy-3-[4-[[[6-chloro-3-(dichlorome-
thyl)-3,4-dihydro-2H-1,2,4-benzothiadiazin-7-yl]sul-
fonylammo]methyl]phenyl]pmpyl] (S)-alanyl-(S)-pro-
line, §,S-dioxide
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N-{1-(S)-carboxy-2-[4-[[{6-chloro-3,4-dihydro-3-(2-
phenylethyl)-2H-1,2,4-benzothiadiazin-7-yl]sul-
fonylamino|methyl]phenyi]ethyl]-(S)-alanyl-(S)-pro-
line, S,S-dioxide
N-[1-(S)-carboxy-3-[4-[[[6-chloro-3,4-dihydro-3-(2-
phenylethyl)-2H-1,2,4-benzothiadiazin-7-yl]sul-
fonylamino]methyl]phenyl]lpropyl]-(S)-alanyl-(S)-(4-
cyclohexyl)proline, S,S-dioxide
7-N-[2<(S)-[[1-(S)-carboxy-3-[4-[[[6-chloro-
-3,4-dihydro-3-(2-phenylethyl)-2H-1,2,4-benzothiadia-
zin-7-yl]sulfonylamino]methyllphenyl}jpropyllamino]-1-
oxopropyl]-1,4-dithia-7-azaspiro[4.4]nonane-8-(S)-car-
boxylic acid, §,S-dioxide
1-[2-(S)-[[1-(S)-carboxy-3-[4-[{[6-chloro-3,4-dih
ydro-3-(2-phenylethyl)-2H-1,2,4-benzothiadiazin-7-
yl]sulfonylamino]methyl]lphenyl]propyllamino]-1-o0xo-
propyl]-1H-2,3-dihydroindole-2-(S)-carboxylic acid
S,S-dioxide
1-[2-(S)-{[2-[4-[[{6-chloro-3,4-dihydro-3-(2-pheny-
lethyl)-2H-1,2,4-benzothiadiazin-7-yljsulfonylamino]-
methyl]phenylmethoxy]-1-(S)-[(2,2-dimethyi-1,3-dioxo-
lan-4-yl)methoxycarboxyllethyl]amino]-1-oxopropyl]-
[25-(2a, 3aa, 7aa)]-octahydro-1H-indole-2-carboxylic
acid, S,S-dioxide
1-[2-(S)-{[3-[4-[[[6-chloro-3,4-dihydro-3-(2-phenyl-
ethyl)-2H-1,2,4-benzothiadiazin-7-yljsulfonylamino}me-
thyllphenyl]-1-(S)-{(2,2-dimethyl-1,3-dioxolan-4-yl)me-
thoxycarbonyl]propyljamino]-1-oxopropyl]-[2S-(2a,
Jaa, 7aa)]-octahydro-1H-indole-2-carboxylic acid, S,S-
dioxide o
1-[2-(S)-[[3-[4-[[[6-chloro-3,4-dihydro-3-(2-phenyle-
thyl)-2H-1,2,4-benzothiadiazin-7-yl|sulfonylamino]me-
thyl]phenyl]-1-(S)-(ethoxycarbonyl)propyljamino]-1-
oxopropyl]-[28-(2a, 3aa, 7aa)]-octahydro-1H-indole-2-
carboxylic acid, §,S-dioxide
N-{3-[4-[[[6-chloro-3,4-dihydro-3-(2-phenylethyl])-
2H-1,2,4-benzothiadiazin-7-yi]sulfonylamino]methyl]-
phenyl}-1-(S)-(ethoxycarbonyl)propyl]-(S)-alanyl-(S)-
proline, §,S-dioxide.
N-[3-{4-[[[6-chloro-3,4-dihydro-3-(2-phenylethyl)-
2H-1,2,4-benzothiadiazin-7-yl]sulfonylamino]methyl]-
phenylj-1-(S)-[(2phenoxy)ethoxycarbonyl]propyl]-(S)-
alanyl-(S)-proline, 8,S-dioxide.
N-[3-{4-[[[6-chloro-3,4-dihydro-3-(2-phenylethyl])-
2H-1,2,4-benzothiadiazin-7-yl}sulfonylamino]methyi]-
phenyl]-1-(S)-[(2,3dihydroxy)propoxycarbonyl]-
propyl]-(S)-alanyl-(S)-proline, §,S-dioxide.
N-{[3-[4-[[[6-chloro-3-(cyclopentylmethyl])-3,4-dihy-
dro-2H-1,2,4-benzothiadiazin-7-yl]sulfonyiamino]me-
thyllphenyl]-1-(S)- -(ethoxycarbonyl)propyl]-(S)-alanyl-
(S)-proline, S,S-dioxide
N-[3-[4-[[[6-chloro-3,4-dihydro-3-(2-phenylethyl)-
2H-1,2,4-benzothiadiazin-7-yl|sulfonylamino]methyl]-
phenyl]-1-(S)-[(2,2-dimethyl-1,3-dioxolan-4-y)methox-
ycarbonyl]propyl]-(S)-alanyl-(S)-proline, S,S-dioxide
N-[3-[4-[[[6-chloro-3-(cyclopentyimethyl)-3,4-dihy-
dro-2H-1,2 4—benzothladlazm-7-yl]sulfonylammo]me-
thyl]phenyl] -(8)-[(2,2-dimethyl-1,3-dioxolan-4-yl)me-
thoxycarbonyl]propyl]-(S)-alanyl-(S)-proline, S,Sdiox-
ide
N-[3-[4-[[[6-chloro-3-(cyclopentylmethyl)-3,4-dihy-
dro-2H-1,2,4-benzothiadiazin-7-yl]sulfonylaminojme-
thyl]phenyl] 1-(S)-[(2-phenoxy)ethoxycarbonyl]-
propyll-(S)-alanyi-(S)-proline, S,S-dioxide
N-{3-[4-[[[6-chloro-3-(cyclopentylmethyl)-3,4-dihy-
dro-2H-1,2,4-benzothiadiazin-7-yl]sulfonylamino]me-
thyljphenyl]-1-(S)-[(2,3-dihydroxy)propoxycarbonyl]-
propyl]-(S)-alanyl-(S)-proline, S,S-dioxide

>
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1-[2-{[2-[[4-[[[4-chloro-3-[[(phenylmethyl)am
ino]sulfonyl]phenyl]sulfonylamino}methyl]phenyl]me-
thoxy]-1-(S)-(ethoxycarbonyl)ethyl]amino}-1-0x0-
propyl]-[2S-(2a,3aa,7aa)]-octahydro-1H-indole-2-car-
boxylic acid
1-[2-[[2- [[4-[[[4-ch10r0-3-[[(phenylmethyl)ammo]sul-
fonyl]phenyl]sulfonylamino]methyl}jphenyljmethoxy]-
1-(8)-(carboxy)ethyl]amino]-1-oxopropyl]-{2S-(2a,
3aat,7ac)]-octahydro-1H-indole-2-carboxylic acid
N-{2-[[4-{[[4-chloro-3-{[(phenylmethyl)amino]sul-
fonyliphenyljsulfonylamino|methyl]phenyljmethoxy]-
1-(S)-(ethoxycarbonyl)ethyl]-(S)-alanyl-(S)-proline
N-[2-[{4-[[[4-chloro-3-[[(phenylmethyl)amino]sul-
fonyl]-phenyl]sulfonylamino]methyl]phenyllmethoxy]-
1-(S)-(carboxy)ethyl]-(S)-alanyl-(S)-proline
1-[2-[[2-[[4-{[[3-(amino)sulfonyl-4chlorophenyl]sulf-
onylamino]methyl]phenyllmethoxy]-1-(S)-(ethoxycar-
bonyl)ethyllamino]-1-oxopropyl]-[2-S-(2a,3aa,7aa)]-
octahydro-1H-indole-2-carboxylic acid
1-[2-[[2-[[4-[[[3-(amino)sulfonyl-4chlorophenyl]sul-
fonylamino|methyllphenyllmethoxy]-1-(S)-(carboxy)e-
thyllamino}-1-oxopropyl]-[2S-(2a, 3aa,7aa)]-octahy-
dro-1H-indole-2-carboxylic acid
N-[2-[{4-[[[3-(amino)sulfonyl-4-chiorophenyl]sul-
fonylaminolmethyl]lphenyllmethoxy]-1-(S)-(ethoxycar-
bonyl)ethyl]-(S)-alanyl-(S)-proline
N-{2-[[4-{[[3-(amino)sulfonyl-4-chlorophenyl]sul-
fonylaminojmethyljphenylimethoxy]}-1-(S)-(ethoxycar-
bonyl)ethyl]-(8)-lysyl-(S)-proline
N-{2-([4-[[[3-(amino)sulfonyl-4-chlorophenyl]sul-
fonylamino]methyl]phenyljmethoxy]-1-(S)-(carboxy)e-
thyl]-(S)-alanyl-(S)-proline
N-[2-[[4-{[[3-(amino)sulfonyl-4-chlorophenyl]sul-
fonylaminojmethyl}phenyllmethoxy]-1-(S)-(carboxy)e-
thyl]-(S)-lysyl-(S)-proline
N-[2-[[4-[[[3-(amino)sulfonyl-4-chlorophenyl]sul-
fonylaminolmethyljphenyllmethoxy]-1-(S)-[(2,2-
dimethyl-1-oxopropoxy)methoxycarbonyl]ethyl}-(S)-
alanyl-(S)-proline
N-[3-[4-[[[6-chloro-3,4-dihydro-2H-1,2,4-benzo-
thiadiazin-7-yl]sulfonylamino}methyl]phenyl]-1-(S)-
(ethoxycarbonylpropyl]-(S)-alanyl-(S)-proline, §,
dioxide -
N-[3-[4-[[[6-chloro-3,4-dihydro-2H-1,2,4-benzo-
thiadiazin-7-yl]sulfonylamino]methyi]phenyl]-1-(S)-
[2,2-dimethyl-1-oxopropoxy)methoxycarbonyl]propyl]-
(S)-alanyl-(S)-proline, S S-dioxide
N-[3-{4-[[[6-chloro-3,4-dihydro-2H-1,2,4-benzo-
thiadiazin-7-yl]sulfonylamino]methyl]phenyl]-1-(S)-
(ethoxycarbonyl)propyl]-(S)-lysyl-(S)-proline, S,
dioxide
N-[1-(S)-carboxy-3-[4-{[[6-chloro-3,4-dihydro-2H-
1,2,4-benzothiadiazin-7-yl]sulfonylaminojmethyl]-
phenyl]propyll-(8)-alanyl-(S)-proline, S, S-dioxide
N-[1-(S)-carboxy-3-[4-[[[6-chloro-3,4-dihydro- 2H-
1,2,4-benzothiadiazin-7-yl]sulfonylaminojmethyl]-

§..

§.

phenyllpropyl]-(S)-lysyl-(S)-proline, S, S-dioxide

N-[1-(S)-carboxy-3-[4-{[[6-chloro-3-chloromethyi-
3,4-dihydro-2H-1,2,4-benzothiadiazin-7-yl}sul-
fonylaminolmethyl]phenyl]propyl}-(S)-alanyl-(S)-pro-
line, S, S-dioxide

N-[1-(S)-carboxy-3-[4-[{[6-chloro-3-chloromethyi-
3,4-dihydro-2H-1,2,4-benzothiadiazin-7-yl]jsul-
fonylarnmo]methyl]phenyl]propyl] (S)-lysyl-(S-)pro-
line, S, S-dioxide

N-[3-[4-[[[6-chloro-3-chloromethyi-3,4-dihydro-2H-
1,2,4-benzothiadiazin-7-yl]sulfonylamino]methyl}-
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phenyl]-1-(8)-[2,2-dimethyl-1-o0xopropoxy)methoxycar-

bonyl]propyl]-(S)-alanyl-(S)-proline, S, S-dioxide
N-[3-[4-[[[6-chloro-3-chloromethyl-3,4-dihydro-2H-
1,2,4-benzothiadiazin-7-yl]jsulfonylamino]methyl]-
phenylj-1-(S)-(ethoxycarbonyl)propyl]-(S)-alanyl-(S)- 5
proline, §, S-dioxide
1-[2-(S)-{[2-[4-[[[6-chloro-3-chloromethyl-3,4-dihy-
dro-2H-1,2,4-benzothiadiazin-7-yl]sulfonylamino]jme-
thyllphenylmethoxy]-1-(S)-(ethoxycarbonyl)ethyl-
Jamino]-1-oxopropyl]-[25-(2a,  3aa,7aa)l-octahydro- 10
1H-indole-2-carboxylic acid, S, S-dioxide
1-12-(S)-{[1-(S)-carboxy-2-[4-[[[6-chloro-3-chloro-
methyl-3,4-dihydro-2H-1,2,4-benzothiadiazin-7-yl]sul-
fonylamino]methyl]phenyiJethyl]amino]-1-oxopropyl]-
[2S-(2a,3aa,7aa)]-octahydro-1H-indole-2-carboxylic
acid, S, S-dioxide
1-[2-(S)-[[1-(S)-carboxy-2-[4-[[[6-chloro-3-chlorome-
thyl-3,4-dihydro-2H-1,2,4-benzothiadiazin-7-yl]sul-
fonylamino]methyljphenylmethoxy]ethyi]amino]-1-
oxopropyl]-[2S-(2a,3aa,7aa]-octahydro-1H-indole-2-
carboxylic acid, §, S-dioxide
1-[2-(S)-[[1-(S)-carboxy-2-[4-[[[6-chloro-3,4-dihydro-
2H-1,2,4-benzothiadiazin-7yl]sulfonylamino]methyl]-
phenylmethoxy]ethyllamino]-1-oxopropyl]-[2S-(2a,
Jaa,7aa)}-octahydro-1H-indole-2-carboxylic acid, S, 25
S-dioxide
N-{1-(S)-carboxy-3-{6-chloro-3,4-dihydro-2H-1,2,4-
benzothiadiazin-7-yl]sulfonylamino}pentyn-3-yi]-(S)-
alanyl-(S)-proline, S, S-dioxide
N-{5-[6-chloro-3,4-dihydro-2H-1,2,4-benzothiadia-
zin-7-yl]-sulfonylamino]-1-(S)-(ethoxycarbonyl)pentyn-
3-y1]-(S)-alanyl-(S)-proline, S, S-dioxide
1-[4-carboxy-5-[4-[[[6-chloro-3-(cyclopentylmethyl)-
3,4-dihydro-2H-1,2,4-benzothiadiazin-7-yl]sul-
fonylamlno]methyl]phenylmethoxy] 1-oxopentyl]-
octahydro-1H-indole-2-carboxylic acid, S, S-dioxide
N-[2-(S)-[1-(S)-carboxy-3-[4-[[[6-chloro-3,4-dihydro-
3-(2-phenylethyl)-2H-1,2,4-benzothiadiazin-7-yl]sulfo-
nyl-amino]methyl]phenyl]propoxy]-1-oxopropyl]-(S)-
proline, S, S-dioxide
N-[N-[3-[5-[[[[6-chloro-3,4-dihydro-3-(2-phenyle-
thyl)-2H-1,2,4-benzothiadiazin-7-yl]sulfonyllamino]me-
thyl]- 1H-1m1dazol-2-y1] 1- (ethoxycarbonyl)pmpyl] (S)
alanyl-(S)-proline, S,S-dioxide
N-[N-[3-[5-[[[[6-chloro-3,4-dihydro-3 (2-phenyle-
thyl)-2H-1,2,4-benzothiadiazin-7-yl]sulfonyllaminojme-
thyl]-2-thiazolyl]-1-(ethoxycarbonyl)propyl]-(S)- alanyl-
(S)-proline, S,S-dioxide
~ The compounds of this invention are useful in view of
their pharmacological properties. In particular, they 50
possess activity as antihypertensive agents, as evidenced
b their ability to reduce blood pressure in mammals in
which the blood pressure has become abnormally ele-
vated. For example, compounds of this invention lower
blood pressure in the spontaneously hypertensive rat
(SHR) model. Compounds of this invention also show
activity as diuretic agents. |
Since these compounds are also believed to act as
anglotensin converting enzyme inhibitors, it is contem-
plated that they may be used in treating other cardio-
vascular disorders, for example congestive heart failure,
in the same manner as other ACE inhibitors such as
captopril and enalapril may be used. In addition, com-
pounds of this invention may be used in the treatment of
glaucoma by topical application.
The compounds of this invention can be combined
with pharmaceutical carriers and administered in a vari-
ety of well-known pharmaceutical forms suitable for
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oral or parenteral administration to provide composi-
tions useful in the treatment of cardiovascular disorders
and particularly mammalian hypertension.

The daily antihypertensive dose of the compounds of
this invention will be typically in the range of about 1 to
about 25 mg/kg, of mammalian weight, administered in
single or divided doses. The exact dose to be adminis-
tered 1s determined by the attending clinician and is
dependentuupon the potency of the administered com-
pound, i.e. where the particular compound lies within
the above range, as well as upon the age, weight and
condition of the individual.

Generally, in treating humans having hypertension,
the compounds of this invention may be administered to
patients in need of such treatment in dosage range of
about 5 to about 500 mg per patient generally given
several times a day, thus giving a total daily dose of
from about 5 to about 2000 mg per day.

The antihypertensive compositions containing the
compounds of this invention will preferably contain
from about 5 to about 250 mg of the active compound
per dosage unit.

The compositions of the present invention are most
preferably administered orally. Typical formulations
for oral administration are those such as tablets, cap-
sules, syrups, elixirs or suspensions. Typical injectable
formulations include solutions and suspensions. Also
contemplated are mechanical delivery systems, e.g.
transdermal dosage forms.

The typical acceptable pharmaceutical carriers for
use in the formulations described above are exemplified
by: sugars such as lactose, sucrose, mannitol and sorbi-
tol; starches such a corn starch tapioca starch and po-
tato starch; cellulose and derivatives such as sodium
carboxymethyl cellulose, ethyl cellulose and methyl
cellulose; calcium phosphates such as dicalcium phos-
phate and tricalcium phosphate; sodium sulfate; calcium
sulfate; polyvinylpyrrolidone, polyvinyl alcohol; stearic
acid; alkaline earth metal stearates such as magnesium
stearate and calcium stearate; stearic acid; vegetable oils
such as peanut oil, cottonseed oil, sesame oil, olive oil
and corn 01l; non-ionic, cationic and anionic surfactants;
ethylene gylcol polymers; beta-cyclodextrin; fatty alco-
hols and hydrolyzed cereal solids; as well as other non-
toxic compatible fillers, binders, disintegrants, buffers,

- preservatives, antioxidants, lubricants, flavoring agents,

and the llke commonly used in pharmaceutical formuia-
tions. : |

In the followmg examples the “active ingredient” is
1-[N-[3-[4-[[{6-chloro-3,4-dihydro-3-(2-pyridylethyl)-
2H-1,2,4-benzothiadiazin-7-yl)sulfonylamino]methyl]-
phenyl]-1(S)-ethoxycarbonyl)propyl]-(S)-alanyl)-cis,-
syn-octahydroindole-2(8S)-carboxylic acid, S,S-dioxide.
It 1s contemplated, however, that this compound may
be replaced by equally effective guantities of other com-
pounds within the scope of formula I.

EXAMPLE 14
Capsule Amount (mg)
Active ingredient 2500 125.0
Lactose 173.0 86.5
Corn Starch 75.0 37.5
Magnesium Stearate 2.0 1.0
300.00 500.00

m
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Blend the active ingredient, lactose, and corn starch
until uniform; then blend the magnesium stearate into
the resulting powder. Encapsulate the mixture into
suitably sized two-piece hard gelatin capsules.

5
EXAMPLE 15
Tablet Amount (mg)
Active Ingredient 250.0 125.0 10
Lactose 161.0 80.5
Corn Starch 12.0 6.0
Water (per thousand tablets) 120. ml 60. ml
(evaporates) (evaporates)

Corn Starch 75.0 37.5 5
Magnesium Stearate 2.0 1.0

500.00 250.0

Blend the active ingredient with the lactose until
uniform. Blend the smaller quantity of corn starch with 20
the water and add the resulting corn starch paste, then
mix until a uniform wet mass is formed. Add the remain-
ing corn starch to the remaining wet mass and mix until
uniform granules are obtained. Screen the granules
through a suitable milling machine, using a % inch stain-
less steel screen. Dry the milled granules in a suitable
drying oven until the desired moisture content is ob-
tained. Mill the dried granules through a suitable milling
machine using a 16 mesh stainless steel screen. Blend in
the magnesium stearate and compress the resulting mix-
ture into tablets of desired shape, thickness, hardness
and disintergration.

EXAMPLE 16

25

30

35

Injectable Solution mg/mi

5.00
0.80
0.10
0.10
0.08
40.0
1.0 ml

Active ingredient

Methyl p-hydroxybenzoate
Propyl p-hydroxybenzoate
Disodium Edetate

Citric Acid Monohydrate
Dextrose

Water for injection gs. ad.

43

Dissolve the p-hydroxybenzoates in a portion of
water for injection at 60°-70° C. and cool the solution to
25°-25" C. Charge and dissolve all other excipients and
the active ingredient. Bring the solution to final volume,
filter it through a sterilizing membrane and fill into
sterile containers.

Similarly, substitute other compounds of the present
Invention to prepare other compositions of the present
invention. '

We claim:

1. A compound represented by the formula

35

6
0 60
7 ¥
[D]"‘"SOZPI'J""[B]*‘CH“‘[E]“"CH"‘C"‘[A]"‘CORB

| u
R O

- 63
and the pharmaceutically acceptable salts thereof,

wherein:
A 1S

50

—N

36

|/\| CH)p  (CH),

CH—, —N CH=—,
IIa IIb
(CH3),
| o
S S
><
((:I:HZ)p (<|3H2)q ((sz)p (?Hz)q
=N =—————me——CH o~ =N CH— or
Iic I1d
(CH>»);
— N CH—
Ile
lis 1 or 2:
nisOorl;

p and q are O, 1 or 2, provided that in structurces 1Ib
and Ilc the sum of p and q is 1 or 2, and that in
formula Ild, p is not O;

B is —[J]—[L]—[M]—;

D is
H I11a
R3Y N R4
N
R G

G i1s —SO;—:

J 18 —(CHj3)s— or —((CH32)i—W)—;

I. 1s a chemical bond, cis- or trans-lower alkene,
lower alkyne, -Z-aryl-, -aryl-Z-, -Z-cycloalkyl-, or
-cycloalyl-Z-, wherein aryl is

RS
, or RO
RS

and cycloalkyl is

RS

(CHj)y, (CH»),, or
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-continued

(CH2)w

wherein
wis 1, 2 or 3;
M is —(CHj),— or —((CH3)—X—(CH3),)—;
W is

O O
| |
—CNH-— or =—NHC—;:

X and Z are independently a chemical bond,

O O
| |
—NR?—, —0—, —8§—, —CNH=— or —NHC~—;

s, u and v are independently 0-5;

t is 1-5;

R!, R?2 and R? are independently hydrogen, lower
alkyl or lower acyl;

R3is 2-, 3- or 4-pyridylloweralkyl, 2-, 4- or 5-thiazo-
lylloweralkyl, 2-, 4- or 5-1H-imidazolyiloweralkyl,
l-imidazolylloweralkyl, 1-morpholinoloweralkyl
or hydroxyphenylloweralkyl;

R4 is chlorine or CFj3: |

R5 is hydrogen, halogen, lower alkyl, lower acyl,
lower alkoxy, haloloweralkyl or phenylioweralkyi;

R7is hydrogen, lower alkyl or aminoloweralkyl;

R¢and R?8 are independently hydroxy, alkoxy having

from 1 to 8 carbon atoms, benzyl, allyl, R10—Q-
—(CH2)m—O—, wherein Q 1s oxygen or sulfur, r
iIsOor1and mis 2 to 4,

Rll

|
—OCH—0CO=alkyl

10
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R1lis hydrogen or alkyl having from 1 to 8 carbon
atoms;

R12is hydrogen, lower alkyl, unsubstituted or substi-
tuted phenyl and substituted or unsubstituted
phenyl lower alkyl, wherein phenyl may be substi-
tuted by group T;

R13 is hydrogen or lower alkyl; and

provided that if L is alkene or alkyne, J is —(CH32);—
wherein 1s 1-5; provided that if L. 1s —Z—aryl— or
—Z—-cycloalkyl—, J is —(CHj)s— wherein s is

2-5; provided that if L 1s alkene, alkyne,
—aryl—Z— or —cycloalkyl—Z—, M i1s —(CH-
7)y— wherein u is 1-5; provided that if s and u are
each zero, L i1s aryl or cycloalkyl (i.e. Z is a bond);
and provided that if s.and v are each zero, L is aryl
or cycloakyl (i.e. Z 1s a bond).

2. A compound of claim 1, wherein A is represented

by formula IIa or IIb wherein p is 0 and q is 1.

3. A compound of claim 1, wherein E is —NH—.

4. A compound of claim 1 wherein R7 is hydrogen,

methyl or aminobutyl.

5. A compound of claim 1 wherein R3 is 2-

pyridylethyl.

6. A compound of claim 1 wherein R® and R8 are

independently hydroxy, methoxy, ethoxy, phenoxye-
thoxy, pivaloyloxymethoxy, 1-glyceryl or

<

O O

| |
—OCH;—CH — CH;

7. A compound of claim 1 wherein B is of the formula

““[CHZ]U-I—E@}O'_ [ICHz]—'[a bond or —O-+[CH3]1-2

‘i.e., where J 1s —CH>);— and s 1s 0-1, L is a bond or

. —Z—aryl— wherein Z is a bond, and M is —((CHa.

e

- oor

wherein the alkyl has from 3 to 8 carbon atoms; 45

rll
|
—OCHCO—phenyl

wherein the phenyl may be substituted with group
T defined below, 1-glyceryl,

O

12
" R ><R13
O O O
| !
o= or —-OCH)—CH — CH»
H

R10is phenyl, substituted phenyl wherein the substit-
uents are chosen from group T, l-naphthyl or 2-
naphthyl; |

T 1s halogen, hydroxy, trifluoromethyl, lower alkoxy,
lower alkyl, 2-furanyl, 3-furanyl, 2-thienyl, 3-thie-
nyl, phenyl and substituted phenyl wherein the
substituents are chosen from halogen, hydroxy,
trifluoromethyl, lower alkoxy or lower alkyl:

50

33
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X—(CH3),), wherein tis 1, vis 1-2, and X is a bond

O—.

8. A compound of claim 7 which is 1-[N-[3-[4-{[[6-
chloro-3,4-dihydro-3-(2-pyridylethyl)-2H-1,2,4-benzo-
thiadiazin-7-yl)sulfonylaminolmethyl]phenyl]-1(S)-
(ethoxycarbonyl)-propyl]-(S)-alanyl)-cis, syn-octahy-
droindole-2(S)-carboxylic acid, §,S-dioxide.

9. An antihypertensive pharmaceutical composition
comprising an anthihypertensive effective amount of
compound of claim 1 together with a pharmaceutically
acceptable carrier therefor.

10. A method for reducing blood pressure in hyper-
tensive mammals which comprises administering to a
hypertensive mammal a composition comprising an
antihypertensive effective amount of a compound of
claim 1 together with a pharmaceutically acceptable
carrier therefor.

11. A compound represented by the formula
Rﬁ
|
o ¥
D—-—-sozrlsr-B—CH—E—CH—ﬁ—A—CORS
R! O
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and the pharmaceutically acceptable salts thereof,
wherein:

Ais
d
(\\ CH),  (CHD 10
— N CH'—, —N CH_:
IIa Iib
13
(CH2)n
o]
S S
>
(<|3Hz)p ((I:HZ)q ((lle)p (<|3H2)q 20
—N CH—, =N CH— or
Ilc I1d
25
(CHy);
30
—N CH—
Ile

lis 1 or 2: 3

nis0or 1; |

p and q are O, 1 or 2, provided that in structures IIb
and lIc the sum of p and q is 1 or 2, and that in
formula IId, p 1s not O; 40

Bis —J—L—-M—;

D is

H Ilia
RS\I/ N R4 45
R NG

E 1s ———NH—, —0-—-—-, —-—S—, or —CHQ-—-—; 50 -

G 1s —SOr—;

J 18 —(CH2)s— or —((CH2)—W)—;

L 1s a 5- or 6-membered heterocyclic radical compris-
Ing 3 to 5 carbon atoms and 1 or 2 heteroatoms
selected from N, O and S, or a R-substituted s5°
heterocycyclic radical

M 1s —(CHj),— or —((CH2)—X—(CH3),)—;

W is

60

O O
| |
~CNH or —NHC—;

X and Z are independently a chemical bond,

65
0O 0O
Il |
—NR?—, —0—, —8§=—, —~CNH— or —NHC~:
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s, 1 and v are independently 0-5;

ti1s 1-5;

R1, R? and RY are independently hydrogen, lower
alkyl or lower acyl;

R3 is hydrogen, lower alkyl, haloloweralkyl, phenyl-
loweralkyl, (cycloalkyDloweralkyl, aminomethyl,
loweralkylaminomethyl, phenyl(lower)al-
kylaminomethyl, (cycloalkyDloweralkylthi-
omethyl, loweralkylthiomethyl or haloloweralkyl-
thiomethyl;

R# is chlorine or CFj;

R> is hydrogen, halogen, lower alkyl, lower acy],

lower alkxoy, haloloweralkyl or phenylloweralkyl;

R7is hydrogen, lower alkyl or aminoloweralkyl;

Roand R® are independently hydroxy, alkoxy having
form 1 to 8 carbon atoms, benzyl, allkyl, R10—Q-
—{(CH3);—0O—, wherein Q is oxygen or sulfur, r
isOor1land mis 2 to 4,

Rl 1
—QCH~—0OCQO=—alkyl

wherein the alkyl has from 3 to 8 carbon atoms,

R1l
|
—OCHCO==phenyl

wherein the phenyl may be substituted with group
T defined below, 1-glyceryl,

ﬁ' | R12 R13
O O O
o |
O— or —OCH;—CH ~— CHj

H

R10is phenyl, substituted phenyl wherein the substit-
uents are chosen from group T, 1-naphthyl or 2-
naphthyl;

T 1s halogen, hydroxy, trifluoromethyl, lower alkoxy,
lower alkyl, 2-furanyl, 3-furanyl, 2-thienyl, 3-thie-
nyl, phenyl and substituted phenyl wherein the
substituents are chosen from halogen, hydroxy,
trifluoromethyl, lower alkoxy or lower alkyl;

Rl is hydrogen or alkyl having from 1 to 8 carbon
atoms; |

R2 is hydrogen, lower alkyl, unsubstituted or substi-
tuted phenyl and substituted or unsubstituted
phenyl lower alkyl, wherein phenyl may be substi-
tuted by group T; and

R13is hydrogen or lower alkyl.

12. A compound of claim 11 wherein A is represented

by formula IIa or IIb wherein p is O and q is 1. '

13. A compound of claim 11 wherein E is —NH-—-.

14. A compound of claim 11 wherein R7is hydrogen,

methyl or aminobutyl.

15. A compound of claim 11 wherein L is 2-thiazolyl.

16. A compound of claim 11 wherein R and R8 are

independently hydroxy, methoxy, ethoxy, phenoxye-
thoxy, pivaloyloxymethoxy, 1-glyceryl or
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><

O O

| |
—QCHy—CH ——— CH, D

17. An antihypertensive pharmaceutical composition
comprising an antihypertensive effective amount of
compound of claim 11 together with a pharmaceutically
acceptable carrier therefor.

18. A method for reducing blood pressure in hyper-.
tensive mammals which comprises administering to a
hypertensive mammal a compostiion comprising an
- antihypertensive effective amount of a compound of {5
claim 11 together with a pharmaceutically acceptable
carrier therefor.

19. A compound represented by the formula

o6 20
I
e ¥
D—-—sozllxr——B—CH-—E—-CH—ﬁ—'A—CORB
R! 0O - 15
and the pharmaceutically acceptable salts thereof,
wherein: .
A is
30
35
(.\1 CH),  (CH),
~—N CH~, —N CH—,
I1a | IIb
(CH3)y,
| ]
S S
>< 45
((|:H2)p ((‘:HZ)q (?Hz)p (CHy),
N = CH=, —N -=CH— or
Ilc I1d
50
(CHy)
3
—N CH—
IIE 60
l1is 1 or 2;
nis 0 or l;

p and q are 0, 1 or 2, provided that in structures IIb
and IIc the sum of p and q is 1 or 2, and that in g5
formula IId, p is not 0O;

Bi1s —J—L—M-—;

Dis

10

42
H IIla
v ¢
R2” N\“G
E is - NH—, —OQO—, —S—, or —CH—;

G 18 —S0Oy—;

J 1s —(CH2)s— or —((CH2)—W)—;

L is a 5- or 6-membered heterocyclic radical compris-
ing 3 to 5 carbon atoms and 1 or 2 heteroatoms
selected from N, O and S, or a R-substituted heter-
ocyclic radical,;

M 1s —(CH2)y,— or —((CH2)—X-—(CH2)y)—;

W is

0 O
| |
—CNH=— or --NHC-—:

X and Z are independently a chemical bond,

I i
—~NR?=—, =Q=, ~S§—, —CNH— or —NHC-—:

s, u and v are independently 0-5;

tis 1-5;

R}, R? and R? are indepently hydrogen, lower alkyl
or lower acyl; |

R3 is 2-, 3- or 4-pyridylloweralkyl, 2-, 4- or 5-thiazo-
iylloweralkyl, 2-, 4- or 5-1H-imidazolylloweralky],
1-imidazolylloweralkyl, 1-morpholinoloweralkyl
or hydroxyphenylloweralkyl;

R4 is chlorine or CFs;

R> is hydrogen, halogen, lower alkyl, lower acyl,
lower alkoxy, haloloweralkyl or phenylloweralkyl;

R7 is hydrogen, lower alkyl or aminoloweralkyl;

R®and R8 are independently hydroxy, alkoxy having
from 1 to 8 carbon atoms, benzyl, allyl, R10—Q-
—(CH2),,—0O—, wherein Q is oxygen or sulfur, r
1IsOorland mis 2 to 4,

Rll

o =QOCH=—0CO=alkyl

wherein the alkyl has from 3 to 8 carbon atoms,

RIil
I
== QCHCO=phenyl

wherein the phenyl may be substituted with group
T defined below, 1-glyceryl,

O .
12 13
" e
O 0O O
I |
O— or —OCH>—CH — CH>

H

R10is phenyl, substituted phenyl wherein the substit-
uents are chosen from group T, l-naphthyl or 2-
naphthyl; are independently 0-5;
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T 1s halogen, hydroxy, trifluoromethyl, lower alkoxy,
lower alkyl, 2-furanyl, 3-furanyl, 2-thienyl, 3-thie-
nyl, phenyl and substituted phenyl wherein the
substituents are chosen from halogen, hydroxy,
trifluoromethyl, lower alkoxy or lower alkyl;

R!lis hydrogen or alkyl having from ! to 8 carbon
atoms; |

R12 s hydrogen, lower alkyl, unsubstituted or substi-
tuted phenyl and substituted or unsubstituted
phenyl lower alkyl, wherein phenyl may be substi-
tuted by group T; and

R 13 is hydrogen or lower alkyl.

20. A compound of claim 19 wherein A is represented

by formula Ila or IIb wherein p is O and q is 1.

21. A compound of claim 19 wherein E is —NH—.

22. A compound of claim 19 wherein R7is hydrogen,

methyl or aminobutyl.
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23. A compound of claim 19 wherein R® and R38 are
independently hydroxy, methoxy, ethoxy, phenoxye-
thoxy, pivaloyloxymethoxy, 1-glyceryl or

>

O O

l |
~QCH;—CH —— CHj

24. An antihypertensive pharmaceutical composition
comprising an antihypertensive effective amount of
compound of claim 19 together with a pharmaceutically
acceptable carrier therefor.

25. A method for reducing blood pressure in hyper-
tensive mammals which comprises administering to a
hypertensive mammal a composition comprising an
anthihypetensive effective amount of a compound of
claim 19 together with a pharmaceutically acceptable

carrier therefor.
* % %k %k %
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